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ABSTRACT 

In the production of high temperature lethal effects on certain insects subjected to 
lines of force in an electrostatic field, it is a matter of prime importance that in- 
ternal heat production shall be as rapid as possible. This speeding up of heat 
production can be accomplished through increasing the strength of the electrostatic 
field. 

All studies of the effect of radio waves upon living organisms placed 
in the electrostatic field indicate that these effects are the result of heat 
developing and accumulating within the organism. Just how electric 
energy bathing the tissues is absorbed and transformed into heat appears 
to be a matter of theory. Christie and Loomis (3) say that heat is 
generated by conduction of high frequency currents induced in the or- 
ganism under these conditions. Hosmer (9) thinks that the develop- 
ment of heat is due to the increased rate of molecular vibration within 
the cells and that this increased rate of vibration is chargeable to the alter- 
nate attraction of the molecules first to one electrode and then to the 
other. It may be, of course, that both explanations are merely different 
facets of the same jewel. 

Still other investigators, such as Headlee and, Burdette (8) and Head- 
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lee (6) have envisioned this heating as due to accelerated vibrational 
rate occasioned by the receipt of spurts of electrical energy at a rate 
more or less in tune with the normal rate of vibration of the bodies con- 
cerned. The latter writer (6) has gone as far as to indicate that less 
expenditure of electric energy will be required to produce the same 
heating effect when the vibrational rate is better tuned to the organism. 

From the standpoint of the student of physics, Christie and Loomis’ 
theory probably presents the clearest picture. From the point of view 
of the biologist Hosmer’s conception is the most enlightening. Doubt- 
less either could be used to explain the fact that certain regions of radio 
bands produce different effects as shown over a wide range of fre- 
quencies by Schereschewsky (14) and over a comparatively narrow 
range by Headlee (6). Indeed they might be invoked to explain the 
differential demonstrated between animal and plant organisms as shown 
by Headlee (6). 

Nevertheless, the induced currents of Christie and Loomis and the 
alternate attraction of the molecules postulated by Hosmer, are unde- 
niably influenced by the nature of the organism under test and who can 
say that this influence is not the result of the normal vibrational rate of 
atoms, molecules, and molecular aggregates composing the organism 
under test. 

It seems to the writer that the conception of synchronization of the 
rate of delivery of electric energy with the normal vibrational rate of 
atom, molecule and molecular aggregate is much the most fundamentai 
and may reveal itself in the nature of the induced currents of Christie 
and Loomis and in the molecular attraction of Hosmer. 

At any rate, this conception of synchronization or resonance, as the 
basic proposition in heat effect, opens a boundless field for influencing 
living matter by the use of a small amount of electric energy adminis- 
tered on the principle of selectivity. 

Regardless of the mechanisms involved in this phenomenon of heat 
production within the organisms, it seems perfectly clear that the living 
organism when in the electrostatic field absorbs electric energy and 
transforms much of it into heat energy. 

To produce lethal effects heat accumulation within the living organisms 
must greatly overbalance heat radiation from its external surface. In- 
sects, as a rule, are of small size and large surface in proportion to 
volume. Furthermore, many insects are very thin skinned. Heat ac- 
cumulation must, therefore, be rapid. Living honey bees exposed in the 
electrostatic field with 3,000,000 cycles and a barely lethal field strength 
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will show some specimens that exhibit the phenomenon of high excite- 
ment as internal heat rises but as the exposure continues will continue 
active and living for more than one-half an hour. The high excitement 
period is short and thereafter they return to normal behavior. Evidently, 
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Fic. 26—Degrees Rise in Temperature Plotted Against Time. The solid lines rep- 
resent the rise of internal heat of the insect tissues under treatment in the electro- 
static field. The dotted lines represent the increment in heat. 


preceding the change of behavior, heat radiation from their bodies has 
caught up with internal heat production. The same phenomenon has 
been found when working with grubs of the Japanese beetle. 

It is a matter then of large importance to promote heat accumulation 
at the maximum rate. Realization of this fact lead to a study of the rate 
of heat accumulation in certain insects when exposed in the electrostatic 


field. 
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The third instar grub of the Japanese beetle has been used for this 
study because of its slowness of reaction, its thin skin promoting heat 
radiation and its availability. 

At the beginning of a run the thermocouple was inserted in the grub’s 
thorax while enclosed in a small glass tube. The tube was placed be- 
tween the aluminum electrodes. The temperature was promptly deter- 
mined. The vibrator was thrown into operation. At the end of each 
30 second period the power was switched off, the galvanometer balanced 
to zero, and the power turned on again. The temperature reached was 
read off the dial in millivolts and recorded. Three runs of five grubs 
each were made; all at 3,000,000 cycles, one with a field strength of 
2000 volts per inch, one at 4000 volts and another at 5895 volts. The 
results are set forth in Tables 1, 2 and 3. The heat increments in rela- 
tion to one another are set forth in Figure 26. 


TABLE 1. 3,000,000 FreQuENcy; 2,000 VoLts PER LINEAR INCH 


Spec. Incre- Incre- Incre- 

Date No. Start 30Sec. ment 60Sec. ment 90sec. ment Con. 
12/24/32..... 1 2.15 225 0.10 235 0.10 240 0.05 Alive 
12/24/32..... 2 2.175 225 0.075 230 005 230 0.00 Alive 
12/24/32..... 3 2.125 2.20 0.075 2.275 0.075 2.325 0.050 Alive 
12/24/32..... 4 2.20 240 020 255 0.15 2.65 0.10 Alive 
12/24/32..... 5 2.200 2.25 0.05 2.325 0.075 2.35 0.025 Alive 

Totals... .. 10.850 0.500 0.450 0.225 
Average... 75°F 0.10 =3.4°F 0.09=3.7°F 0.045=1.5°F 


The curves showing a consistent rise from beginning represent the 
actual rise of temperature in the insect body. The curves bending down- 
ward show the decreasing heat increments. The heat increments shown 
here represent, of course, the difference between actual internal heat 
production and heat radiation from the surface of the grub’s body. 
Naturally, the speed of heat radiation increases as the internal tempera- 
ture rises. This factor probably accounts, at least largely, for the de- 
crease of the increments as shown in Figure 26. 

In a study of thermal death point of this grub, with a frequency of 
3,000,000 cycles, made July 13, 1932 it was found: (1) that the internal 
temperature immediately after death ranged from for 4000 volts 112°F 
to 104°F with an average of 107.3°F; (2) that for 4585 volts it ranged 
from 109°F to 104°F with an average of 107°F; that for 5240 volts it 
ranged from 107°F to 103°F withan average of 105°F. Heat radia- 
tion had a chance to occur after death and before the grub could be re- 
moved from the glass tube and the thermocouple inserted. The read- 
ings are, therefore, lower than the actual death point. In Table 2 the 
thermal death point occurs at about 3.2 millivolts or about 111°F. 
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Under a frequency of 3,000,000 cycles the length of time necessary to 
kill the third instar Japanese beetle grub, using a field strength of 2000 
volts, has never been determined because heat radiation balances heat 
production long before the thermal death point can be reached. Under 
a frequency of 3,000,000 cycles the length of time necessary to kill 
when using a field strength of 4000 volts ranges from 90 seconds to 
more than 180 seconds. Under a frequency of 3,000,000 cycles, the 
length of time necessary to kill when using 5985 volts ranges from 60 
seconds to a little more than 120 seconds with an average of 90 seconds. 

At 4000 volts the time to kill is twice as long as the time to kili at 
5895 volts while the field strength is only 1/3 less. Clearly, then, the 
economical and practical procedure is to increase the voltage to the 
point of prompt destruction of the insect. 


SUMMARY 


1. Living organisms subjected to radio waves in the electrostatic field 
are primarily affected by the development of internal heat. 

2. Electric energy pervading this field is absorbed by the organism 
and largely transformed into heat energy. 

3. Internal heat accumulation occurs only when the rate of produc- 
tion overbalances the rate of heat radiation. 

4. As the internal temperatures rise heat radiation increases. 

5. In the production of lethal effects it is a matter of prime import- 
ance that internal heat production shall be as rapid as possible. 

6. This necessary rapid production of heat can be readily obtained 
by increasing the field strength as measured in volts per linear inch. 
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Mr. L. M. Peatrs: I should like to ask Mr. Headlee what the curve 
t the high voltage above the death point indicates. 


Mx. HeapLee: The implications of that curve are not entirely clear 
to me, but I have never yet carried the internal temperatures high 
enough so that the heat increments when you are using high voltage 
entirely disappear. 

I think there isn’t any doubt that the same tissue in which the heat 
production takes place during the living condition will continue to 
produce heat for a period—how long, I do not know—following the 
death of the insect. 
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ECOLOGICAL STUDIES IN RELATION TO THE DISTRIBU- 
TION AND ABUNDANCE OF ECONOMIC PESTS 


By Harvey L. Sweetman, Massachusetts State College 


ABSTRACT 


Methods and techniques that can be used to obtain information from which fore- 
casts of establishment, abundance, dispersal, control, and eradication of insect 
pests are discussed. Predictions of abundance and dispersal of several insects 
(cutworms, alfalfa weevil, Mexican bean beetle, etc.) have been made that fit 
present known conditions. Controlled laboratory experiments, where climate is 
simulated, and quantitative data collected under natural conditions, together with 
correlative studies, afford a good means of analyzing and forecasting insect out- 
breaks. Probably quarantine regulations, and control and eradication measures 
against insect pests can be made more effective by means of such ecological in- 
vestigations. 


It is recognized by all entomologists that it would be very import- 
ant and valuable to know in advance how abundant and injurious an 
insect pest was going to become. This holds whether the pest is a 
native or recently introduced species to the locality. When foreign 
pests are considered the need for advance information regarding the 
suitability of the new environment is very great. Ecological studies 


seem to offer a very important method of solving such problems 
(Bodenheimer, 1928; Blunck, 1930; Chapman, 1931; Cook, 1931; Es- 
cherich, 1930; Peterson, 1932; Uvarov, 1931). The thesis of this 
paper is a consideration of the available evidence and techniques which 
can be used to aid in answering the following questions : 

1. Can the seasonal abundance and dispersal of established pests be 
forecasted ? 

2. Can non-established pests on other continents be subjected to 
ecological studies in their native habitat and forecasts of their probable 
establishment, abundance, and dispersal in the United States be made 
with a.reasonable degree of accuracy ? 

3. Is it feasible to make quarantine regulations, suggest methods of 
control and eradication of non-established pests on the basis of eco- 
logical knowledge ? 

REVIEW OF THE EvipeNce.—There are a few examples of insects 
being controlled by ecological methods in the field, and such control has 
been very successful in limited environments, such as in flour mills, 
grain elevators, greenhouses, and residences. The Hessian fly furnishes 
an outstanding example of control under field conditions, where a defi- 
nite change in the environment results directly in control. In many 
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cases, however, knowledge of the responses of the insect to the environ- 
ment are very important in aiding us to apply other control measures at 
the correct time. Fernald (1915) was able to predetermine the portions 
of Massachusetts where control measures against the elm leaf beetle 
would need to be applied. An understanding of the responses to the 
environment of the codling moth, red mites, apple maggot, and many 
other pests greatly enables us to plan our spray schedules to secure the 
maximum mortality of these pests with insecticides with the minimum 
cost. 

While the demand for the ecological method for direct and accessory 
control is great, probably a more important phase is forecasting what is 
going to happen in the future. It has been said that forecasting, at best, 
is only a guess. However, the value of forecasting depends upon the 
percentage of accuracy, which must be high, that can be obtained. 

Cook (1923, 1924, 1926, 1928) and Seamans (1923, 1928) have 
demonstrated that the distribution of certain cutworm moths can be 
fairly accurately predicted. Rather extended field and laboratory studies 
were made before reaching these conclusions. The abundance, in epi- 
demic proportions, of some of the cutworm moths in any given year 
depends upon environmental conditions the preceding season or seasons. 
The outbreak of the pale western cutworm in Montana in 1932 verified 
the value of this method of prediction (Wall, 1932). When an outbreak 
of an insect is dependent upon the environment of the given season, fore- 
casts are not so reliable since the seasonal weather conditions cannot be 
predicted accurately (Hinds, 1928). Cook (1925) predicted the probable 
dispersal of the alfalfa weevil in the United States entirely from a study 
of scattered items in the published literature on this insect. The present 
distribution of this pest has not passed the borders outlined, although it 
had reached some of the margins at the time Cook reviewed the sub- 
ject (Cook, 1931). Severin (1924) and Carter (1930) were able to 
determine in advance when the migrations and outbreaks of the beet leaf 
hopper would occur. Predictions have been made regarding the spread 
and abundance of the Mexican bean beetle in the United States (Sweet- 
man, 1929, 1930, 1932; Marcovitch and Stanley, 1930). It had been 
thought by a large number of entomologists previous to 1929, that the 
bean beetle had changed in its responses to environment. However, 
investigation revealed that the environment in the East was more suit- 
able than the general climate of its native habitat in the Southwest 
(Sweetman, 1929). Bodenheimer (1929), in Palestine, has been able 
to make similar predictions for the migratory locust. Lean (1931) has 
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explained the migrations of a migratory locust in Nigeria on the basis 
of response to environment. Escherich (1930), in Europe, gives a 
review of results achieved in recent years in the correlation of climate 
with insect outbreaks. 

Time alone will test the accuracy of these forecasts, but the examples 
cited indicate the general acceptance of this method of approach. 

METHops oF ProcepuRE.—Studies of the environmental effects on 
organisms can be conducted in the laboratory and under natural condi- 
tions. A combination of these methods seems to be the most promising. 

Laboratory studies are usually more convenient and easier to conduct 
than field experiments, at least as far as comfort is concerned. They 
have the advantage also of being more accurately controlled. The or- 
ganism can be subjected, as desired, to various environments planned to 
simulate the natural surroundings, or any extreme of conditions desired. 
The only limitations in modifications of conditions are equipment and 
the originality of the experimenter. 

Usually temperature and moisture are very important factors in the 
environment. Both can be adequately controlled in the laboratory. Vari- 
able surroundings to simulate the natural conditions can be obtained by 
direct transfer from one environment to another or by variable control 
thermostats similar to the one described by Headlee (1929). Most of 
the important physical factors and some of the biotic factors of sur- 
roundings can be controlled as efficiently. 

Field studies must be conducted with great care and perseverance. 
Such studies consist largely of actual observation and collection of quan- 
titative data of the reactions of the organisms in their natural habitat, 
and correlative studies between results and possible causal factors. Cor- 
relations are suggestive only, and the conclusions cannot be accepted 
as final proof of the causal factor or factors. Numerous examples can 
be cited to illustrate the use of correlation between climatic factors and 
developments that have occurred in the past, but we are primarily in- 
terested in those instances only, where the correlations have been used 
to forecast future events. Two very good methods of approach in 
correlative studies are by use of the climatograph of Ball (1910) 
and the bioclimatograph of Uvarov (1932). The climatograph is being 
used widely by a number of workers in the United States, Europe, Asia, 
and Africa (Bodenheimer, Cook, Escherich, Lean, Murayama, Seamans, 
Sweetman, Tehon, et al). Cook (1931) has listed the steps involved in 
such correlative studies. Climatic maps such as those prepared by 
Thornthwaite (1931) and Kincer (1922, 1928) are extremely useful 
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also. The writer (Sweetman, 1932) has found such maps very helpful. 
Frequently field studies are not sufficiently detailed and continued long 
enough to give dependable results. Careful field studies may change 
the entire aspect of a field situation. At least, such studies must be 
made to avoid mere guessing. This is illustrated by observations of the 
May beetles in Minnesota (Sweetman, 1927, 1931). Nightly observa- 
tions, continued from six to nine hours each night, were made during 
the entire flying season of several species. As a result it was shown 
definitely that the vegetative cover did not directly influence the places 
of oviposition of the beetles in Minnesota as had been previously sup- 
posed. 

The types of ecological investigations suggested have been criticized 
because of the difficulty of intimately connecting field and laboratory 
studies. The gap between artificial and natural conditions is a wide one, 
but it can and has been bridged as noted above. However, there is much 
need of improvement in this field of research and ample opportunity is 
offered to the worker who has the originality to develop better technique. 

SumMMARY.—It should be thoroughly understood by those interested 
in this discussion that the economic establishment, abundance, dispersal, 
control, and eradication of insects is under consideration. It is a much 
more difficult problem to determine the taxonomic limitations of a species 
as small ecoclimates, or even microclimates, may be suitable for the species 
to maintain itself, but not sufficient for the insect to become of economic 
importance. 

Evidence is submitted showing that annual abundance and dispersal of 
some insects, especially those which require one or two seasons to build 
up to outbreak proportions, can be forecast, while pests which may reach 
epidemic numbers in any season, if the environment is favorable, present 
a more difficult problem. 

Examples and methods of study are given that suggest means by which 
it is thought possible to predetermine the probable establishment, abund- 
ance, and dispersal of foreign pests that might be introduced. 

The writer believes that quarantine regulations, and control and eradi- 
cation measures against insects can be facilitated by means of the eco- 
logical approach. 
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SPRAY TESTS FOR THE WHITE APPLE LEAFHOPPER, 
TYPHLOCYBA POMARIA 


By W. J. Scnorene, Entomologist, Virginia Agricultural Experiment Station 


ABSTRACT 

This is a report on spray experiments for the control of the second brood of 
the white apple leafhopper on apple trees. Nicotine combined with Penetrol or 
summer oil was effective. 

Spray tests for the white apple leafhopper, Typhlocyba pomaria, were 
conducted in two orchards. One consisted of bearing trees fifteen years 
old, the other was an adjoining block of five year old trees. Between the 
20th and 25th of August the visible leafhopper population consisted 
almost entirely of nymphs. This made it possible to greatly reduce the 
number of insects with a single spray application. The bearing orchard 
in which these tests were carried on consisted of rather large fifteen year 
old trees and the varieties sprayed were heavily loaded with fruit. The 
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_ trees carried abundant foliage which made thorough spraying difficult. 
A few of the trees in the young orchard were selected for treatment with 
a hand sprayer. These trees were about five years old, and mostly 
without fruit. They were small enough so that the entire tree could be 
sprayed from the ground and seriously infested with leafhopper nymphs. 

The orchard was visited June 22, 1932. There was a heavy leaf- 
hopper infestation, the first brood adults being present in large numbers. 
At this date the nymphs had practically disappeared. The apples were 
slightly specked and there was some foliage injury. No parasitized adults 
were noticed. Since the insects were in the adult stage, spraying opera- 
tions were postponed until the appearance of the second brood nymphs. 
The orchard was visited again August 15. There was a heavy infesta- 
tion of nymphs. Most of them were just hatching but a few third and 
fourth-stage nymphs were present. The nymphs could be found on 
every leaf, twelve to fifteen to a leaf, and as high as forty nymphs were 
found on some leaves. Most of the Delicious and Ben Davis trees were 
loaded with fruit. The Fallawater trees had a moderate crop. The 
other varieties in this orchard had no fruit or a very light crop. These 
varieties included York Imperial, Stayman Winesap, and Mammoth 
Black Twig. 

Materials used on bearing trees. 

PENETROL AND Brack Lear 40 

Penetrol 
Nicotine Y pt. Nicotine 
Water to make 100 gals. Water to make 100 gals. 

The spraying was started August 22, using Penetrol and Black Leaf 
40. At this time the nymphs were mostly in the Ist, 2d, and 3d stage 
with a very few 4th and 5th stage individuals and some adults. The 
apples were just beginning to take on color. The dense foliage 
made it difficult to thoroughly spray the heavily loaded trees and a 
number. of trees were sprayed before the operators acquired the knack 
of wetting the undersurface of all the foliage. The tree was sprayed 
first from the inside. The person holding the nozzle would have to 
crawl under the branches because the trees were headed low. After 
the underside was sprayed the operator walked around the tree spray- 
ing the upper surface of the foliage from the outside. Between nine 
and ten gallons were required for each tree. The spray was applied 
at a pressure of 350 pounds. The Penetrol and nicotine combination 
killed all of the nymphs that were wet with the spray and also many 
adults. Subsequent counts indicated that 94% of the nymphs were 
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killed. Five tanks or 1000 gallons of the Penetrol-Black Leaf 40 
spray were sufficient to cover 105 trees. This application was com- 
pleted on August 22 and 23. 

The operations were interrupted for several days but started again 
on August 27 and continued to August 31. Summer oil and nicotine 
was used in the proportion of one gallon of oil and 3% pint Black Leaf 
40 to each 100 gallons of spray. Five thousand gallons were required 
for the remaining trees. During this period the leafhopper nymphs 
continued to develop and some changed to adults. No difference was 
noticed in the effectiveness of the oil-nicotine and the Penetrol- 
nicotine combination. The trees sprayed with summer oil and nicotine 
had a slight oily appearance but no injury was noticed. The trees that 
were sprayed with the above combinations held their foliage and the 
apples attained normal color. The Stayman Winesaps and Mammoth 
Black Twig varieties which were not sprayed and which had very 
little fruit began to lose their foliage by September 1 and by the four- 
teenth of September had lost from 25 to 50% of their leaves. The 
apples on these trees had a peculiar brownish color instead of normal 
red color. 

To determine the limit of effectiveness of the nicotine on nymphs, 
a number of small trees in the five-year-old orchard located adjacent 
to the bearing orchard were sprayed with various combinations using 
a 4-gallon compressed air sprayer. The trees sprayed were sufficiently 
small so that the entire tree could be sprayed from the ground. The 
following combinations were tested in this manner: 


SUMMER OIL 
Oillto100 Effective for 1st, 2d, and 3d stage nymphs 
Oil2to 100 Effective for Ist, 2d, and 3d stage, a few 4th and 5th stage 
nymphs killed 


SuMMER Or AND Brack Lear 40 
Oil % to 100 Adults and some 5th stage nymphs escaped. 100% ef- 
Nicotine 1 to 1600 fective for other stages 


Oil 1 to 100 Very effective, no nymphs alive. Many adults killed. 
Nicotine 1 to 1000 


PENETROL AND Brack Lear 40 
Penetrol % to 100 Very effective. A few adults escaped. 
Nicotine 1 to 1000 All nymphs killed. 


Penetrol %4 to100 Very effective. 100% of nymphs and most adults killed 
Nicotine 1 to 2000 


Penetrol %4 to 100 Effective in killing young nymphs. Some 5th stage 
Nicotine 1 to 4000 nymphs escaped. A few adults killed. 
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Judging from these tests, it appears that the nicotine and Penetrol 
combined, containing Penetrol in the proportion of % to 100 and 
nicotine 1 to 2000 could be depended upon to control all of the nymphs 
hit with the spray. The summer oil without nicotine was also effec- 
tive against the young nymphs and is deserving of further trial. It 
should +e explained, however, that in applying the spray to these 
small trees an effort was made to spray both the upper and lower 
surfaces of every leaf on the tree, and in the attempt to be thorough 
many of the leaves were sprayed until the leafhoppers were submerged 
in the liquid. 

ConcLusion.—It is concluded that the second brood of the white 
apple leafhopper can be controlled by a single treatment of nicotine and 
oil if the application can be made while the insect is still in the nymph 
stage. The combinations of nicotine and summer oil or nicotine and 
Penetrol proved effective against the nymphs and caused no injury to 
the fruit or foliage. Drenching the foliage with one per cent summer 
oil was effective for the Ist, 2d, and 3d stage nymphs. 


Mr. C. J. Drake: I should like to ask Professor Schoene what con- 
trol he got with summer oil in nicotine. 


Mr. ScHOENE: I could not see any difference in the control with 
summer oil with the nicotine and the Penetrol combination. We used 
the nicotine a little stronger where we used the summer oil, but we killed 
all the nymphs we hit with the spray. 

When the trees were heavily loaded with fruit and the foliage was 
very heavy on these trees, it was necessary for the man to get under- 
neath the trees in order to spray them. We got pretty fair control. 


Mr. Puitie GARMAN: I should like to ask Professor Shoene if he 
made any tests of nicotine without oil. 


Mr. ScHOoENE: I have made no such test on foliage attached to trees. 
Several years ago I tested different dilutions of nicotine with and with- 
out oil on infested twigs. I cannot give you offhand the results. The 
soap or oil adds very considerably to the effectiveness of the nicotine. 


Mr. GARMAN: That was my impression of the experiments running 
heretofore. We ran a series of experiments this year at the Connecticut 
Station and these experiments were conducted on trees of about the 
same size that you showed on the screen, using both soap, (dry, three 
pounds) and nicotine (one pint to one hundred gallons) without soap, 
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making the comparison of the nymphs per hundred leaves before and 
after. In neither case was there any increase from the addition of soap. 


Mr. P. J. Parrott: In New York we have the same problem, but in 
view of the importance of the apple maggot we are compelled to use 
nicotine with whatever is used as a fungicide. We have been carrying 
on experiments with dry mix and lime sulphur to carry the nicotine, 
making the application for the first generation of nymphs, and the treat- 
ment in September, using these two fungicides. We secured excellent 


results. 


Mr. S. W. Frost: A number of years ago we reported some work 
with nicotine dust and got a very high percentage of kill when the tem- 
perature was high. When the temperature dropped, our percentage of 
kill fell off to a marked degree. 

At that time we measured our leafhoppers chiefly by volume as well 
as making counts on foliage. It was surprising. We would get as much 
as one quart of leafhoppers from one highly infested tree. I would think 
the same would hold true where nicotine sprays were used alone without 
active agents. 


PRESIDENT FLINT: You said high temperatures. What were the high 
temperatures ? 


Mr. Frost: Temperatures of between 85 and 90. As a matter of 
fact, we selected the afternoon following, say, at one o'clock on sunny 
days when the temperatures were usually at their height during the day. 
We reported excellent kill and then when fruit growers tried it they 
were very careless about selecting that portion of the day and selecting 
sunny days, and the results, as commercial control, were of little or no 
value. 
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NOTES ON BREEDING MACROCENTRUS ANCYLIVORUS 
FROM REARED HOSTS 










By Puttre GARMAN 


ABSTRACT 









Oriental fruit moth eggs are obtained in a greenhouse incubator regulated to 75° 
to 80°F. at sundown. Green apples obtained in orchards at thinning time are used 
for feeding larvae. Hibernation is prevented by bringing all stock indoors in 
August and breeding at 75° or above. Nearly a million and a half fruit moth eggs 
were obtained in 1932. Optimum air conditions for Macrocentrus ancylivorus are 
considered to be 70 to 75°F. and 40 to 80 per cent relative humidity. Methods of 
handling have considerable influence on the sex ratio. Host larvae five days old 
at 80°F. are used for exposure to parasites. Successful hibernation of Macro- 
centrus is not fully solved, but about 36,000 were bred in 1932. The general pro- 


cedure is given. 













Successful breeding of Macrocentrus ancylivorus depends upon breed- 
ing its host in sufficient quantities to make it available at all times. 
There must be a sufficient ratio of host increase so that it will continue 
to be available and not be exhausted by losses from parasitism. It may 
be of interest to outline some of our work with the Oriental fruit moth, 







the host we are now using, and methods employed to breed them in 





quantities. 

THE Host.—lIt is, of course, necessary to secure fertile eggs in large 
numbers. To do this the moths are confined in a cloth cage enclosed 
in a celotex incubator. The cage is so constructed that all woodwork 
is covered on the inside with cloth. It rests in a pan of moist sand. 
Wicks supply moisture directly to the top of the cage and extra pans of i 
water are used within the incubator to raise the humidity. Peach seedling 
trees are put in the cage with the leaves in direct contact with the top where 
most of the moths congregate. A glass window in the top of the incu- 
bator supplies light which, because other light is excluded, aids in col- 
lecting the moths above the trees. Most of the eggs are laid after the 
light begins to fade or in midwinter between three and five P. M., in 
summer considerably later. We do not use the incubator in summer 
but continue to hold the moths in the greenhouse even though the tem- } 
perature is fairly high. However, as soon as the nightly temperature 
begins to drop below 60°F. the egg deposition cages are shifted to the 
incubator, and the heat turned on during egg-laying periods. We aim 
to keep the temperature up to 80° during these periods and the humidity 




















as high as possible. 
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It is not enough, however, merely to secure eggs in quantities. The 
larvae must be carried to maturity with a minimum of loss. Green im- 
mature apples collected in commercial orchards at thinning time are used 
and such fruit may be kept in storage throughout the year. Tests show 
that a larger per cent of larvae mature in green apples than in ripe fruit. 
Seedling peach twigs are unsatisfactory because they are not large 
enough for the larvae to mature, and greenhouse grown peach seedling 
tips frequently exude gum and destroy the larvae. It is, therefore, 
necessary to transfer the twigs to apples when the larvae are quite young 
and other losses result in this operation. The only advantage of this 
method lies in the ease of obtaining a fairly high parasitism, but the dis- 
advantages already mentioned more than offset this advantage. 

Another point which appears important if breeding is to continue dur- 
ing the winter is prevention of hibernation in the case of the larvae. 
Larvae of the fruit moth reared at New Haven begin to show tendencies 
to hibernate in August. The percentage increases gradually until all 
reach this stage. To avoid such a condition it is apparently necessary 
with us to bring the stock indoors about the first of August and breed at 
temperatures above 70°F., preferably above 75°. We have done this for 
two successive years and the stock breeds continuously from generation 
to generation, with only a small percentage of hibernation. Table 1 
gives some production records of the Oriental fruit moth during 1931 
and 1932. 

TABLE 1. EGG PRODUCTION OF THE ORIENTAL FRuIT MOTH 
1931 1932 
Moths Eggs Moths Eggs 
January...... 514 4,773 January....... 2,956 81,817 
February... 321 3,358 February...... 4,540 96,320 
a aE 2,706 40,000 March........ 6,030 112,960 
October. ..... 4,969 63,243 October 4,746 66,900 


November. ... 3,583 54,538 3,951 81,036 
December 1,371 39,160 


[he total egg yield was more than 630,000 in 1931 and 1,413,000 in 
1932, up until the first of December. Moth production in 1932 up until 
December 1 was 141,421. Daily production is averaging at this time 
(December 15) about 3,000 a day and the greatest number produced in 
any month was 234,000 in June, 1932. 

THE ParasiTEe.—It is also essential to provide suitable air conditions 
for the parasite considered. So far as we have been able to determine, 
temperatures between 65 and 75°F. are most suitable for oviposition, 
while 70 to 80° are apparently best for mating. This leaves 70 to 75° 
as optimum conditions for satisfactory increase and we have obtained 
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best results when temperatures were adjusted to this range. A humidity 
of about 70 per cent is desirable, although satisfactory results have been 
obtained with a range of 40 to 80 per cent. Humidities above 90 per 
cent are not desirable because the parasites become sluggish and show 
little disposition to seek larvae for oviposition. The outside limits of 
temperature permissible are around 60° and 85°F. If the temperature 
goes to 90°, mortality is very rapid with the ratio of increase naturally 
lowered, and the same is true if the temperature goes much below 60° 
for any length of time. It has been found by others that the adults will 
oviposit at night when there is no light. We have also noted this point 
in our cages, but find that oviposition at night is better if a feeble light 
is kept burning over the cage. This is especially desirable in winter when 
the days are short and twilight periods abbreviated. A 25 W blue day- 
light bulb is used, and one light is enough for a number of cages. We 
make use of a greenhouse bench incubator for keeping the temperature, 
light and humidity satisfactory, but there are some disadvantages in this 
location, one of which lies in the inability to prevent too high tempera- 
tures. During three-fourths of the year, however, we have little or no 
trouble. 

It is apparently more difficult than supposed to secure properly mated 
females for quantity breeding. Experiments (Table 2) will indicate 
that females placed in a cage on emergence from the cocoon with an 
equal number of males are not always satisfactory for production. Those 
mated with a large excess of males are better. We have, however, main- 
tained a fairly good increase even when the sex ratio was two males to 
every female, but it is desirable to obtain a better ratio if possible (the 
normal ratio is considered to be one male to 1.5 females, or about 40 
per cent males). In our cages a single female will parasitize 10 to 15 
larvae in the course of 24 hours, at the height of her egg-laying period. 
After the peak, daily parasitism is much less. 


TABLE 2. Errect OF DIFFERENT TREATMENTS ON THE PERCENTAGE OF MALES 


Sex in No. Percent 
exposure cage reared males Dates 
Males =females—1 day in mating cage.. females 338 70 Feb. 9-16 


Males =females—2 days in mating cage females 457 70 Feb. 9-16 
Males>females—1 day in mating cage females 757 56 Mar. 5-26 


Males =females—1 day in mating cage females 575 81 Mar. 6-26 
10 known mated females females 128 46 May 5-21 
10 females from screen with excess males females 165 52 May 5-21 
10 known mated females females 263 38 Nov. 1-15 
10 males = 10 females both 434 63 Nov. 1-21 


Having secured suitable air and other conditions for mating and ovi- 
position, it appears of importance to supply the host material in quan- 
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tity and of the proper age. To obtain a large number of larvae, say in 
the second or third instar, fruit moth eggs are placed upon apples and 
kept in a constant temperature incubator at 80° for four to five days. 
In this way larvae for oviposition are not too old or too young and with 
a daily fruit moth egg production of 3,000 it is fairly simple to obtain 
them in quantities. 

One of our greatest difficulties lies in satisfactorily carrying material 
in hibernation after it is parasitized. This problem is not yet solved 
and our losses have been very great. We know that Macrocentrus larvae 
successfully passing the winter do so in the first instar. It has also been 
stated by Fink’ that unhatched eggs may be destroyed by the host in the 
course of the winter. It is apparently necessary therefore to allow the 
maximum number of parasite eggs to hatch into first instar larvae and a 
progressive lowering of the temperature is probably necessary. Direct 
transfer from breeding pans to full hibernating temperatures (38-40°F.) 
was too drastic judging from our experience in 1932. To overcome this 
difficulty we continued to breed in winter and spring and succeeded in 
obtaining about 7,500 surplus in June. During the year, however, nearly 
37,000 were reared, leaving about 30,000 for breeding stock. There are 
possibilities, therefore, in artificial production of this parasite of the 
Oriental fruit moth. Table 3 gives our monthly emergence in 1932. 


TABLE 3. MACROCENTRUS ADULTS OBTAINED IN 1932 


DE ce cecvcaccaseeueed 1,618 DS chs sictaedandeeaaakews 2,887 
SE er eee 2,203 EE ee Cee 3,735 
March....... sd ince Dake aka Pe rr 2,809 
© cawkcedasier 3,581 CE ccc sb det nebancane 2,139 
Seer 4,476 | Pee Tre 2,135 
, Ee ere ae 7,639 id 

Wes naducdidcce caddie cubeneccaccud en tide st veenmrndexmeueeeen 36,854 


Our general procedure is as follows: 

1. Secure stock of green apples thinned from commercial orchards in 
June and July and place in cold storage. (It is assumed that a stock of 
Oriental fruit moths are available). 

2. Move all host stocks indoors in August. Do not allow the tem- 
perature to fall below 70°F. 

3. Obtain eggs in 80° incubator closed and humidified during the late 
afternoon, using potted peach seedlings in contact with the top of the 
cage. | 

4. Place 2,000-4,000 eggs daily on a 12 to 15 inch pan of sliced green 
apples, and keep each pan at 80° for 4 to 5 days before using. 


"Jr. Agr. Research, 32: p. 1134. 1926. 
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5. Separate slices and hang in parasite cage about one inch from the 
top. Regulate temperature to 70-75°F. 

6. Place Macrocentrus, adults in each parasite cage daily. Remove 
parasititzed larvae in apple slices daily (replacing with fresh stock) and 
keep in breeding room at 75° or above. Hibernating stocks may be kept 
at a lower temperature. 

7. After several days add fresh apples to accommodate larvae leaving 
the original slices and provide corrugated paper strips for spinning and 
pupation. 

8. Remove strips with larvae and keep for emergence or place in 
hibernation. 

9. Watch for ants or other enemies and apply control measures as 
soon as they appear in the vicinity of breeding cages. Screen breed- 
ing pans for control of secondaries ir rearing rooms. 


SUMMER OIL EMULSIONS AGAINST THE ORIENTAL FRUIT 
MOTH AND OTHER INSECTS’ 


By S. W. Frost, The Pennsylvania State College 


ABSTRACT 

Laboratory tests with two per cent oil emulsions, under severe conditions, did not 
give the kill noted in the investigations of 1931.2 Several commercial oil emulsions 
have been used without injury on peach and apple. The same oils, in combination 
with sulphur, have been used on peach and in combination with 3-3-50 Bordeaux, on 
apple, without injury. Two per cent oil emulsions without lead arsenate gave no 
control of codling moth. A five per cent oil impregnated lead, sulphur, lime dust 
gave considerable reduction of oriental fruit moth injury. 


Spray TEsts ON INDIVIDUAL FRUIT AT THE LABORATORY.—Peaches 
were sprayed from four angles with a hand machine using 150 pounds 


pressure. The fruits were hung on racks and the spray material al- 


lowed to dry for at least twenty-four hours before eggs, ready to hatch, 
were fastened to them. The eggs therefore were not sprayed but the 


young larvae on hatching came in contact with the oil. At the end of 


three weeks the fruits were removed from the racks and cut to deter- 


mine the percentage wormy. In tests 1 and 2, glass microscope slides 


were wired to the sides of the peaches as a substitute for foliage. The 
oils were not absorbed by the glass as they were by foliage and the 


percentage kill was higher in these tests. The slides were discarded in 


*Publication authorized by the Director of the Pennsylvania Agricultural Ex- 


periment Station as Technical Paper No. 573. 
*Frost. «Jl. Econ. Ent. 25, No. 2. 1932. 
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tests 3 and 4. In test 1, 2 and 3 the fruits were sprayed and hung in 
the laboratory until the peaches were finally cut. In test 4, the fruits 
were sprayed out of doors and were left there for 3, 6 and 9-day periods 
respectively when they were brought into the laboratory and eggs were 
clipped onto them. 

A two per cent oil emulsion sprayed on glass slides, killed a very high 
percentage of newly hatched oriental fruit moth larvae within a period 
of forty-eight hours ; 90.9% and 96.7% kill in test 1 and 96.7% kill in 
test 2. These results are comparable to those obtained in 1931." When 
glass slides were discarded, the percentage kill fell to 50% or less. In 
experiments where eggs were fastened to the fruit, three. six and nine 
days after being sprayed with oil emulsion, the kill was reduced to 30 
per cent or less. Neither of these tests are entirely fair. Glass slides 
as a substitute for foliage is artificial and undoubtedly gives an abnormally 
high percentage of kill. The attachment of eggs directly to the fruit is 
unnatural because the oriental fruit moths do not oviposit on peach but 
upon the foliage and the young larvae must wander a considerable dis- 
tance to reach the fruit. The figures for 1932 (Table 1) are sufficient 
to indicate that one and two per cent oil emulsions after a two or three 
day period give a comparatively low percentage of kill of newly hatched 
oriental fruit moth larvae. 

A test conducted with peach twigs showed even a lower percentage 
kill of newly hatched oriental fruit moth larvae. One hundred peach 
twigs were sprayed with one per cent Ortho K on May 20. The follow- 
ing day an egg, ready to hatch, was attached to each peach twig. On 
May 31, all of the twigs were examined: 88 were infested and 12 unin- 
fested, showing that 88 per cent of the oriental fruit moth larvae suc- 
ceeded in gaining entrance to the twigs. 

These investigations do not take into consideration the effect of one 
or two per cent oil emulsions on the eggs of the oriental fruit moth. 
There is no doubt that oil emulsions sprayed directly on the eggs will 
give a high percentage of kill. 

Tests AGAINST THE Eccs OF THE REp-BANDED LEAF-ROLLER.—The 
following test was directed against the summer eggs of the Red-banded 
leaf-roller (Eulia velutinana). The eggs were laid in rearing jars in 
the insectary upon cellophane. Small pieces of the cellophane bearing 
batches of eggs were cut, fastened to a board and sprayed. 

Two small tests were conducted using one and two per cent Verdol 
against the Red-spider (Paratetranychus pilosus). Branches of apple, 
about four feet long, with a moderate infestation of red-spider were cut 
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TABLE 1. Tests AGAINST aes, ~~ ORIENTAL Fruit Mota LARVAE ON 
ACH 
Test No. 1—June 16—July 1, 1932 
Eggs No. of Per cent 
Number Peach clipped larvae en- clean 
Treatment Notes' of peach sprayed on peach tering fruit fruit 


























1% OrthoK........ Slides! 120 une 16 une 17 11 90.9 
3% Ortho K........ Slides' 119 une 17 une 18 4 96.7 
ae — 115 une 16 107 7.0 
Ee abe & wins —— 114 0 100.0 
Test No. 2—July 7-28, 1932 
2% Fish oil emulsion Slides! 114 uly 9 uly 10 74 35.1 
2% Ortho K........ Slides' 119 uly 7 uly 9 4 96.7 
2% Ortho K........ Slidest 115 uly 8 uly 9 42 63.5¢ 
2% Cottonseed. .... Slides! 115 uly 8 July 9 5 95.7 
EN ne arve a o.tte 120 0 100.0 
Test No. 3—August 3-23, 1932 
2% Ortho K........ Leaves! 114 Aug.3 Aug. 4 39 65.8 
2% Ortho K........ 119 Aug. 3 Aug. 4 53 55.5 
2% Ortho K........ oe 115 Aug. 4 Aug. 7 56 51.3 
2% Ortho K........ ——- 115 Aug. 4 Aug. 9 70 39.2 
grinned o.0 oa -——- 120 1 99.1 
Test No. 4—September 9-28, 1932 
2% Ortho K........ oo 114 Sept. 9 Sept. 12 82 28.1 
2% OrthoK........ —- 119 Sept. 9 Sept. 15 79 36.4 
2% Ortho K........ —— 115 Sept. 9 Sept. 18 77 33.1 
cs picwnee == 115 12 89.6 
aS —- 120 15 87.6 


‘In a few cases omnes slides or leaves were fastened to the sides of the peach 
*Eggs, ready to hatch, clipped to the fruit. 


*No eggs clipped to fruit. 
‘In this case the microscope slides were not sprayed, in the other cases slides and 


peaches were sprayed. 
from a nearby orchard on July 20, brought to the laboratory and sprayed 
immediately with summer oil emulsions using a hand pump and 150 


TABLE 2. Errect or 2% Om EMULSION ON THE EGGs OF THE RED-BANDED 
LEAF-ROLLER 


Number Number Per cent 


Treatment of batches of eggs kill 
 £. Sis ech seb hhes scours <6nves.cgs 12 372 100.00 
rods beiie aa nuhn s Sune adh dbinaeae wan 12 334 10.00! 


‘Unfortunately there was a large percentage of infertile eggs. 
pounds pressure. On July 22 counts were made of live and dead red- 


spiders as follows: 


TABLE 3. Errect or SUMMER O1L EMULSION AGAINST THE RED-SPIDER 


Number 
of leaves Live Dead Per cent 
Material examined red-spiders red-spiders kill 
Ts oc adhe ceaveene wan 100 1 494 99.8 


SEE 6 ois bddua¥avtwev esses 100 6 581 99.0 
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Spray TESTS WITH SUMMER OILS ON PEACH AND ApPLE.—These 
tests were performed to determine the limits of safety in applying sum- 
mer oil emulsions alone and in combination with fungicides. Three and 
seven year old trees were selected near the laboratory where results 
could be studied carefully. The materials were applied with a hand 
pump with 150 pounds pressure using from one to two gallons per tree. 
As a matter of fact the trees were thoroughly drenched and where slight 
injury is noted probably none would have resulted under normal spraying. 

Four successive applications were made to three year old Elbertas on 
May 25, June 10, June 22 and July 14. Trees Nos: 15, 16, 17, 18, 20, 
21, 22, 23, 24 and 26 received oil sprays the preceding year. In 1932, 
commercial summer oils were used as indicated in Table 4. Koloform 
was used at the rate of ten pounds to one hundred gallons of mixture. 
Linseed oil, fish oil and cottonseed oils were emulsified with American 
Cyanamid Company spreader No. 235 using four ounces to one hundred 
gallons of water. 

Warm and cool days were selected for the applications. The mean 
temperatures for the days of application and the following two days 
were as follows: 

May 25-26-27 mean temperature 72 
June 10-11-12 mean temperature > 
/ 


June 22-23-24 mean temperature 
July 14-15-16 mean temperature 75.0°F. 


° 


2. 


The temperature for May 25-26-27 was exceedingly high for this 
season of the year while the temperature for June 10-11-12 were 


somewhat low. The weather following the applications was generally 
clear. An inch of rain occurred on the evening of June 11 and a quar- 
ter of an inch of rain on the evening of June 15. 

It is evident from Table 4 that most of the commercial oil emulsions 
can be used with safety on peach, even in combination with sulphur. 
The injury noted for trees 12, 13 and 16 was very inconspicuous, the 
foliage was merely discolored, no burned holes appeared in the leaves. 
Injury is more liable to occur early in the season when the foliage is 
tender. One per cent Texide gave considerable injury when applied on 
May 25 resulting in the typical shot hole appearance of the foliage but 
practically no injury resulted when 1 per cent Texide was applied on 
June 22 and June 24. Spraying was discontinued on July 14 largely 
because the trees were planted close together and they had made such 
luxuriant growth that it was difficult to get around them with the spray 
machine. At the end of October the foliage was dark green and the 
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trees looked exceedingly healthy. Some of the trees had 36 inches of 
new growth. 

A number of different applications of summer oil emulsions were 
made on apple. The trees, chiefly York Imperial, varied from five to 
seven years old. Bordeaux 3-3—-50 and Lime Sulphur, 3 and 6 gallons 
to the hundred, were added to the oil sprays on several occasions. Fun- 
gona R and Fungona N were not received until late in the season and 
did not permit a fair trial. These are summer oil emulsions with the 
addition of fungicides. 

Tree No. 34 received four applications of oil emulsions in 1931; 3 
per cent Red engine oil on April 27, 1 per cent Texide on June 26, | 
per cent Texide on July 1 and 2 per cent Texide on July 10. No injury 
resulted in 1931 and after the application of four sprays of 2 per cent 
Ortho K in 1932, the tree looked fine on November 1. (See Fig. 1). 

Tree No. 83 received two applications of oil in 1931; 3 per cent Red 
Engine oil on April 27 and 3 per cent Ortho K on July 1. No injury re- 
sulted in 1931. In 1932 the combination of 3 gallons of Lime-sulphur 
to 100 gallons of water and 2 per cent Ortho K caused slight defoliation 
from which the tree recovered later in the season. 

Other tests were conducted that are not shown in Table 5. A mixture 
of one gallon of Ortho K, 2% gallons of lime-sulphur and 3 pounds of 
arsenate of lead was sprayed May 14 on a 12 year old York Imperial, a 
15 year old Summer Rambo, a cherry tree, an old and a young Bartlett 
pear tree. No injury resulted on the cherry or the two apple trees but 
the two pear trees showed slight traces of burning. 

TEsTs WITH Ort EMULSIONS IN A COMMERCIAL PEACH ORCHARD.—A 
number of summer oil emulsions were applied to fifteen year old EI- 


bertas using a Bean sprayer with 350 pounds pressure. Two trees 


were sprayed with each of the oils or oil-fungicide combinations. No 


arsenate of lead was used in these tests. Koloform was used at the 
rate of ten pounds to one hundred gallons of mixture. The applications 
are summarized in Table 6. 

An excellent crop of peach was picked from the Raffensperger Or- 
chard. At picking time the foliage looked excellent and there was no 
indication of burning or injury to the fruit. Table 7 also shows that 
there was no reduction in percentage of oriental fruit moth. 

TESTs WITH Ort EMULSIONS IN A COMMERCIAL APPLE OrCHARD.—A 
block of sixty fifteen year old York Imperial trees was selected for 
testing various oil emulsions and oil-fungicide combinations. Six trees 
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in adjoining rows were treated with materials as indicated in Table 8, 
using a Bean sprayer with 350 pounds pressure. The trees were not 


TABLE 6. SUMMARY OF O1L TREATMENTS ON 15 YEAR ELBERTAS.—RAFFENSPERGER 
ORCHARD 1932 


Fruit 
injury 


Foliage 


Plot! May 28 June 20 July 14 Aug. 2 injury 


1% Ortho K 
1% Ortho K 
Koloform 
1% Meedol 
1% Meedol 
Koloform 


1% Meedol 
“L” Kolo- 


2% Ortho K 
2% Ortho K 
Koloform 
2% Meedol 
2% Meedol 
Koloform 
2% Meedol 
2% Meedol 
“L” Kolo- 


form 


2% Ortho K 

2% Ortho K 
Koloform 

2% Meedol 

2% Meedol 
Koloform 

2% Meedol 
nas Poe 

2% Meedol 
“L” Kolo- 
form 


2% Ortho K 
2% Ortho K 
Koloform 
2% Meedol 
2% Meedol 
Koloform 
2% Meedol 


2% Meedol 


“L” Kolo- 
form 


None 

Very slight? 
indication of 
None 


Very slight? 
indication of 


None 


None 


None 
None 


None 
None 


None 


None 


None None 


form 
7 Self-boiled lime sulphur applied May 18 and June 27 


'1Two trees in each plot. 

*While injury is noted here, it was so slight that it was barely noticeable. Only 
one of the two trees in each case showed injury and these trees had evidence of being 
considerably weaker than the other trees. None of the trees in this experiment were 
fertilized during the current year as they were to be removed at the end of the season. 


large and the spraying was done from the ground with a gun. Drop 
fruit was gathered once a week from every one of the trees starting on 
June 11 and continuing until picking time so that the entire crop from 


the six trees in each plot was examined and tallied. 


TABLE 7. SUMMARY OF ORIENTAL Fruit Mots INJURY ON ELBERTA 
RAFFENSPERGER ORCHARD 1932 


Thinned fruit? 
Per cent 
wormy 


Picked fruit 

Per cent 

wormy 
5.6 


Spray 
injury 
None 
None 
None 
None 
None 
None 
None 


No. fruit 
934 
612 
842 
835 
728 
878 

1,560 


» No. fruit 

22 
200 
200 
100 
200 
200 
200 


Treatment! 
Ortho K 
Ortho K Koloform. 
Meedol 
Meedol Koloform. 
Meedol “‘L”’........ 
DE EE <a scecns 
S. boiled L. sulphur 
‘For mixture see Table 6. 
*Only a part of the thinned fruits were examined except plot 1 which had a light 
crop on tree selected for counts. 
‘This discrepancy is due to the fact that on Aug. 2, wormy fruit was thinned from 
plot 7 but not from the other plots. 


All the trees received a pink application of lime-sulphur at the rate of 
two gallons to one hundred of water. No petal-fall was applied. The 
first, second, third and fourth cover sprays were applied as indicated in 


Table 8. 
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TABLE 8. SUMMARY OF Or. TREATMENTS IN COMMERCIAL YORK IMPERIAL ORCHARD 





Foliage Foliage 
injury injury 
Ist Cover from 2nd Cover 3rd Cover 4th cover from 
Plot! May 28 Ist June 20 July 14 Aug. 2 2, 3, 4 
cover covers 
1 1%OrthoK None 2% OrthoK 2%OrthoK 4% OrthoK None 
2 1%OrthoK Consid- 2% OrthoK 2%OrthoK 4% OrthoK None 
Koloform erable Bordeaux Bordeaux 
12%-100 3-3-50 3-3-—50 
3 1% Meedol None 2%Meedol 2%Meedol 4% OrthoK None 
4 1% Meedol Consid- 2% Meedol 2%Meedol 4% OrthoK None 
Koloform erable Bordeaux Bordeaux 
12%-100 burning 3-3-50 3-3-50 
5 Koloform Koloform Koloform 
12%-100 None 12%-100 10-100 None 
A-lead 4-100* A-lead 4-100 A-lead 4—100° 


1Six trees in each plot. 

*A pink application was made to all plots with L-sulphur but without arsenate of 
lead. The petal-fall was not applied to any of the plots. 

‘Basic arsenate of lead. 


The injury in plots 2 and 4+ was due to the sulphur-oil combination, 
the burning was of the sulphur type with no indication of the oil type 
of burning. The injury occurred only on one side of the trees, that 
from which the wind was blowing at the time of the application of the 
oil-Koloform treatment. This indicates that the burning was due 
largely to a drenching of the trees together with the fact that the spray- 
ing was done with a gun from the ground. It is surprising that the 


same oil-Koloform combination produced no ill effects on Elberta trees. 


TABLE 9. SUMMARIES OF INJURIES IN COMMERCIAL YORK IMPERIAL ORCHARD 1932 


Drop fruit?® 
Number Per cent Per cent Per cent Per cent 
Treatment! of fruit cod. moth curculio leaf-roller scab 
GE eae 3277 64.2 8.1 2.9 11.4 
Ortho K Bordeaux... .. 5684 42.9 7.7 1.5 8.4 
a als 4228 72.0 6.5 2.0 15.4 
Meedol Bordeaux. ... . 4555 59.8 3.7 2.4 10.4 
Koloform lead arsenate 2247 33.6 6.0 1.9 12.9 
Picked fruit? 
Number Per cent Per cent Per cent 
Treatment! of fruit cod. moth scab Russeted 
a Dee se Cease wy yi 1528 29.4 17.6 8.4 
Ciptiee Wi, BOOSUOOUE. « vc ic vccccccces 2007 32.1 9.5 7.4 
Ce acs aes oheebne anes 1860 30.4 15.2 5.3 
Meedol Bordeaux......... Se eas 2131 35.1 9.1 1.5 
Koloform lead arsenate.......... 2367 17.7 10.8 2.7 


‘For mixtures see Table 8. ; 
*Percentages based on number of wormy or injured fruit not on number of injuries. 


Considerable burning resulted from the application of one per cent 
Ortho K and one per cent Meedol in combination with twelve and a half 

















Plate 13 





2 3 
l. Tree No. 34, a7 vear old York Imperial which received 1 application of 3 per cent 
| | I 
Engine oil and 3 applications of 1 per cent Texide in 1931 and 4 applications of 
PI I PI 
2 per cent Ortho K in 1932. On November 1, 1932 the tree appeared to be in 
perfect condition. 2. A York Imperial showing Bordeaux-oil residue. 3. Same 


) 


apple shown in Figure 2 with Bordeaux-oil residue removed and revealing 


discolored areas on the surface of the fruit. 


aN 
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pounds of Koloform to one hundred gallons of water. The application 
was made on May 28 and injury was first noted on June 1. At this 
time the injury was slight but warranted the discontinuation of the com- 
bination. Later the injury became more noticeable. Bordeaux 3—3-50 
was substituted for Koloform in the following two sprays and no fur- 
ther injury resulted. There was slight russeting of the fruit in all the 
blocks but it was more noticeable in the oil blocks. These blocks received 
an extra spray and heavier treatments than the lead-Koloform block. 
The Bordeaux-oil combination stuck to the fruit and was difficult to 
remove. Even when removed, light colored areas or spots could be 
seen on the surface of the fruit. The same type of spotting occurred 
in blocks where a lead-oil combination was used. 

[It was hoped that some reduction in codling moth infestation might 
follow the use of oils without arsenate of lead. The results were posi- 
tively to the contrary. In the plots where Bordeaux-oil was used, there 
seemed to be a slight reduction in codling moth as is evident from the 
counts of the drop fruit. This, however, is of no practical importance. 
The percentage of scab was naturally reduced where Bordeaux-oil was 
used. 

APPLICATIONS OF O1L DusTs IN A COMMERCIAL ORCHARD.—A corner 
of a large Krummel orchard was divided into three blocks of fifty trees 
each. Plot I was dusted with No. 300 Niagara sulphur dust impregnated 
with 5% oil, Plot II with No. 302 Niagara sulphur, lead-lime dust im- 
pregnated with 5% oil and Plot III with an 80-20 sulphur-lime dust. 
All plots were treated six times as follows: May 20, June 21, July 14, 
Aug. 3, Sept. 2, and Sept. 15. About one pound of dust was applied 
per tree except plot III which was treated by the orchardist and re- 
ceived only about one-half pound of dust per tree. The drops that 


fell shortly before picking time were gathered from three trees in each 
plot and examined. The picked fruit from these same trees were ex- 
amined and cut to determine the percentage of Oriental fruit moth 


injury. 
TABLE 10. SUMMARY OF ORIENTAL Fruit Motu INJURIES ON KRUMMEL, O. C. RICE 
ORCHARD 1932 
Drop fruit Picked fruit 
Sept. 30 Oct. 3 Oct. 3 

No. % No. % No. % % 

Plot Materials fruit wormy fruit wormy fruit wormy cracked 
I Sulphur-oil dust . 
o. 300 Niagara 462 86.4 46 80.4 2483 53.9 1.3 
II Sulphur-lead oil dust 
No. 302 Niagara 222 83.3 23 86.9 2471 30.7 5.4 
III Sulphur-lime dust.... 473 83.0 46 84.7 2244 53.4 A 
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Serious foliage injury appeared in plot II shortly after the applica- 
tion of sulphur-lead-oil dust on August 3. By picking time, there was 
considerable defoliation in this block. Injury was not evident where the 
sulphur-lime or sulphur-oil dusts were applied. The defoliation may 
have resulted from the application of too much material per tree. 

All plots but more particularly plot II showed fruit injury. Cracks 
about one inch long appeared in the surface of the fruits but seldom 
extended as deep as the pit. This injury likewise may have resulted 
from heavy application of the materials. 

The number of drop fruit gathered on September 30 is an indication 
of control. There were twice as many fruit down in plot I and III as 
there were in plot II. The picked fruit showed considerably less 
oriental fruit moth in plot II than in plots I and III. 


DISPERSAL OF THE APPLE MAGGOT—1932 STUDIES 


By C. R. Purpps, Entomologist, Maine Agricultural Experiment Station, and 
C. O. Dirks, Assistant Professor of Entomology, University of Maine 


ABSTRACT 


This paper records the recovery of 130 marked apple maggot (Rhagoletis pomonella 
Walsh) flies out of a total of 3,152 which were released in one site. These marked 
flies were recovered at distances varying from 65 to 233 yards from the point of 
release. Although released in unsprayed trees bearing many apples, the marked 
flies soon left them as they did unsprayed non-bearing trees in similar experiments 
in 1931. 

Marked flies released in young sprayed apple trees were not recovered. 


In a previous paper by the authors! a successful method of marking 
apple maggot flies was described. Gold and aluminum radiator paint 
was the material employed. The paint comes in two parts, one con- 
sisting of a dry powder and the second of a liquid mixing reagent 
consisting chiefly of banana oil. This type of paint is available in 
many colors so that it is possible to distinguish different lots of flies 
released in the same place but under varying conditions. The enamel 
which is formed dries very quickly, adheres to the flies for a long period 
of time, and apparently does not injure them. It is applied by means 
of a camel’s hair brush, a small spot being placed upon the thorax of 
each fly immediately after it is quieted by the use of ether or by ex- 
posure to low temperatures. 


‘Phipps, C. R. and Dirks, C. O. Dispersal of the apple maggot. Jour. Econ. Ent. 
5:576-582. 1932. 
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In the experiments described in the preceding paper, 123 marked 
flies were recovered out of a total of 1,035 which had been released. 
These individuals were recovered by a careful and repeated search of 
the apple trees in the vicinity of the release area. The marked flies 
were captured by the use of glass vials, usually as they rested upon an 
apple fruit or leaf. 

The trees in which the flies were released were not sprayed and neither 
were those upon which they were subsequently recaptured. The whole 
area was typical of village conditions since many varieties of apples 
were represented and none of the trees were sprayed or otherwise cared 
for. The seven apple trees which constituted the release point had 
previously been stripped of their fruit in order that the flies would have 
some incentive for dispersing. 

The recoveries were all made between July 17 and August 7 and on 
one day, August 5, 34 marked flies were taken. The 123 individuals 
which were recovered represented approximately 12 per cent of the 
total number released. The distances which they had traveled varied 
from 38 to 156 yards and nearly 75 per cent dispersed 75 yards or more. 
Due to the large number of apple trees in the area selected and the wide 
range of varieties included, there was no particular reason, from the 
standpoint of food or oviposition, at least, for the flies to disperse more 
widely than they did. 

1932 EXPERIMENTS. During the summer of 1932 a different release 
area was selected and one in which there were few apple trees near the 
release point. The same marking materials and methods were employed 
as in the preceding year although flies of known age were used in the 
tests. Three Baldwin apple trees situated near the center of a large field 
constituted the release point. Each of these trees bore a large crop 
of fruit which was left on it thus affording a different condition than 
that of the preceding season. Across an open field to the west and 
approximately 125 yardsfrom the release point a dense woods (Plate 14) 
extends along one side of the area. Along the edge of this woods were 
scattered several seedling apple trees. A neglected unsprayed home 
orchard of 20 to 30 trees was situated about 130 yards away and to 
the north of the release point. In addition a number of scattered 
apple trees was distributed over the site (Fig. 27) to the south and 
east. 

On July 25 one lot of 1,115 flies marked with green enamel was 
liberated in the Baldwin trees selected for this purpose. On July 27 
a second lot of 1,367 flies marked with silver enamel was released in 
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the same trees making a total of 3,152 individuals in all. On August 1 
the first marked fly was recovered and from that date until August 29 
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Fic. 27.—Diagram of release area showing release point in center. Each letter 
indicates a recovery tree and the accompanying number, the total number of 
marked flies recovered at that particular tree. The distances from the release 
point to the various trees are given in yards. 


some were taken almost daily. Table 1 presents the number of flies 
recaptured at each tree, the distance traveled, and the variety of tree 
concerned. 

In comparison with the experimental area under observation in 
1931, this site was much more extensive and the number of trees to 
be searched was much greater. It was therefore natural to expect a 
smaller percentage of recovery than in 1931. A total of 130 flies was 
recovered during the course of the month’s search as compared with 
123 in the preceding season. On a percentage basis, however, the recov- 
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TABLE 1. RecorD oF RECOVERY—DISTANCES FROM RELEASE POINT 


Number of Distance Number of Distance 
Tree posi- flies from _ release Tree posi- flies from release 
tion and recovered point in tion and recovered point in 
variety yards variety yards 
A Baldwin 65 J Greening 212 
B Baldwin 78 K Natural (seedling) 122 
C Baldwin 132 L Natural (seedling) 145 
D Baldwin 148 M Natural (seedling) 161 
E Baldwin 135 N Natural (seedling) 183 
F Alexander 142 O Natural (seedling) 233 
G Greening 178 P Greening 156 
H Baldwin 185 Q Baldwin 169 
I Fameuse R Natural (seedling) 147 


a 


ery in 1932 represented slightly over four per cent of the number 
released as compared with nearly 12 per cent in the preceding test. 

The marked individuals~were secured at distances varying from 65 
to 233 yards away. Seventy flies or nearly 54 per cent dispersed from 
122 to 148 yards, 52 or 40 per cent traveled between 156 and 183 yards, 
and four flies or three per cent were recovered from 212 to 233 yards 
from the point of release. Table 2 presents a summary of the recovery 
data. 


TABLE 2. SUMMARY OF RECOVERY RECORDS 


Total No. Per cent 

Distance recovered Males Females of total 
flies 
65 to 78 yards 3 1 3.1 
122 to 148 yards 39 31 53.8 
ES Ror eee 30 22 40.0 
212 to 233 yards 1 3 3.1 


The sexes of the recovered individuals were fairly evenly divided, 
56 per cent being males and 44 per cent females. This is in contrast 
with the 1931 experiment in which a relatively small per cent of females 
was recovered. Table 3 summarizes the age of the recovered flies at 
the time of recovery. It seems unlikely that many are injured in the 
process of marking since over 25 per cent of those taken were from 
four to five weeks old. 


TABLE 3. REcoRD oF AGE or FLIES WHEN RECOVERED 


Number Per cent 
Age in days of flies of total 


7 to 10 days wade rae 14 10.8 
11 to 15 days . Sara s 28 21.5 
16 to 20 days be his 50 38.4 
21 to 25 days 5 3.8 
26 to 30 days er eer 16 12.3 
31 to 37 days 17 13.1 
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The first female observed mating was 15 days old and the last one 
35 days old. One of the last females recovered was over five weeks old. 
She was taken on August 29 after being observed ovipositing. 

During the past season we likewise released a large number of marked 
flies in various parts of a young sprayed orchard on the Maine Agri- 
cultural Experiment Station farm in Monmouth. Although these 
lots were released at different times and situations and were marked in 
the same manner as those used in the preceding experiment, not a single 
one was subsequently recaptured. It would have been much easier 
to have found and recovered these flies since the trees were much 
smaller than those in the site previously discussed. Therefore, although 
some of the flies were probably poisoned, other factors must have been 
concerned with their disappearance. The sites selected were fairly 
open and the trees were just coming into bearing, so that either lack 
of adequate shelter or scarcity of fruit may have caused them to dis- 
perse widely. 

Conc usions. Flies released in trees bearing fruit may disperse a 
considerable distance to trees of the same or different varieties. 

This season’s results would indicate that dispersal need not be a 
gradual process, as suggested by the 1931 experiments. In fact many 
of the marked flies traveled across open fields to apple trees approxi- 
mately 125 yards away. 

As in the preceding year’s work, the recoveries were made on trees 
located in practically every direction from the release point. This 
would indicate that over a period of several weeks the flies tend to 
disperse rather widely. 

The distances traveled were somewhat greater on an average than 
those recorded in the 1931 study. However, only 3 per cent of the total 
recovery was made at points more than 200 yards from the release trees. 
Therefore, there appears to be no reason for altering the recommenda- 
tion that the removal of all neglected apple and wild haw trees within 
200 yards of commercial plantings will largely prevent infestation 
from without the orchard. 


Mr. Oscar H. Hammer: I was wondering if Mr. Dirks noted any 
correlation between the prevailing wind direction and the distribution. 


Mr. Dirks: It would be pretty hard to get any data on that point 
since the time spent in looking for the flies was over a considerable 
length of time. It extended this year over a period of amonth. During 
that time they would have a chance to disperse in all directions. Of 
course, the wind varied a great deal during that time. 
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Mr. Max Kis.ivuxk: I was wondering if nets could not be used to more 
advantage than the vial in getting these marked flies. My experience 
has been that you would miss a good many if you tried to get the vial 
over them, whereas with a net as soon as you can see them, if you are 
quick with your hands, you can catch a fly. 

In my experience in collecting in foreign countries, I gave up the vial 
method long ago and used the net because we no sooner saw the fly than 
we caught it. With a vial you have to creep up to it and there are a 
good many chances where you lose it. 


NOTES ON THE BIOLOGY OF THE APPLE MAGGOT 


By C. R. Purpps, Entomologist, Maine Agricultural Experiment Station, and 
C. O. Dirks, Assistant-Professor of Entomology, University of Maine 


ABSTRACT 


This paper deals with the life history of Rhagoletis pomonella Walsh in Maine. 
It presents data which indicate that time of fly emergence is governed by a number 
of factors. Some of these factors are: variety of fruit in which the larva develops; 
nature of the soil (light or heavy); location; and amount of rainfall during the 
emergence period. 

In order to obtain large quantities of the larvae for various purposes a special trap 
was developed. 

A small fall or second brood of flies has been produced in our cages each year in 
one section of the State but not in others where the soil is heavier. Only larvae 
which develop in early or summer varieties transform to flies the same season. 
Practically all the second generation flies appear during the first two weeks in 
October—hence they are not of economic importance. 

Two-year cycle flies are likewise recorded. 

Counts covering the daily sex records of nearly 23,000 flies in 1932, indicate that 
the period during which the males and females emerge in nearly equal numbers 
coincides with the peak of emergence. 


In many eastern apple growing districts the apple maggot (Rhagoletts 
pomonella Walsh) is at present the most injurious insect pest attacking 
the apple. The export situation with special reference to this insect 
and also the evident influence of the neglected apple tree have recently 
served to focus the attention of many fruit growers and investigators 
upon its activities. 

Reports from investigators in these districts indicate that in 1932 
an unusually large proportion of late apples was attacked. It is prob- 
able that the delayed emergence of the flies may have accounted for 
this condition in part, although many growers feel that the insect 
was actually much more abundant than in 1931. Some idea of the 
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importance of this pest in comparison with other destructive agents 
may be gained from the following table which presents the results of 
the Maine 90 Per Cent Clean Apple Club inspections in 1932. On the 
basis of the 30 orchards which passed the inspection, the apple maggot 
ranked first among all disease and insect pests recorded. In the case 
of those orchards which applied for the inspection and failed to pass, 
the influence of this insect was usually much more pronounced. 


TABLE 1. 90% CLean AppLeE Ceus—Maine—1932 30,000 AppLes 


O7 
/0 
Occurrence of total 


Apple Maggot 366 
Codling Moth 312 
Apple Seed Chalcid ; 304 


Apple Scab 277 
175 


162 
121 
98 


Apple Curculio 91 
Sooty Fungus 43 
Oyster Shell Scale 24 
Rosy Aphid 13 
uniper Rust 6 
ser Apple Worm 5 


Apparatus Usep IN Lire History Work. By means of concen- 
trating traps (Plate 15) and emergence cages located in different parts 
of Maine various phases of the insect’s life cycle are being investigated. 
The concentrating traps consist of two heavy screen wire racks, each 
about 40 inches square, which are spaced one above the other in a 
wooden frame supported on four legs about four feet in length. Boards 
about eight inches high extend around each rack in order to hold the 
supply of infested fruit. The use of two racks instead of one doubles 
the quantity of fruit which can be handled in each trap. From the 
bottom of the lower rack a funnel-shaped cloth sleeve leads down to 
a wooden box containing a removable tray. This box which rests 
upon the ground is about 12 inches square and 18 inches in height. 
Badly infested apples of the desired variety are collected at the proper 
time and placed on the racks. As the maggots become full grown they 
leave the fruit and drop down thru the wire screen and the cloth cone 
into the removable tray beneath. The larvae are counted ‘ wo or three 
times a day, and then transferred to bottomless overwintering boxes 
(Plate 16) which are buried in the ground. These boxes are approxi- 
mately 16 inches long, 12 inches wide, and 10 inches deep. Prior to 
the time of emergence small screen-covered cages are placed upon 





Plate 15 


Above. Double-decker type of trap used in life history studies. Below. Ground 
trap and emergence cage. 
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the overwintering boxes so that the flies will be caught as they emerge 
from the soil. These cages are darkened by means of black cloth so 
that the flies collect in small removable screen wire boxes which fit 
onto the top of the cages. 

This double-decker trap provides an accurate means of counting 
the maggots as they emerge from a known variety and number of 
fruits. Thus, fairly exact figures may be obtained upon the production 
of larvae per apple, upon the influence of various factors concerned 
with larval survival, upon the per cent of one-year cycle, two-year 
cycle, and second generation flies in comparison with the number of 
larvae originally used in the test, etc. Moreover, by using small over- 
wintering boxes and correspondingly small emergence cages, the emerg- 
ing flies may be collected in a relatively short time each day. On the 
other hand, a more natural method of handling the apples would be 
to spread them on large screen racks (Plate 15, below) supported a few 
inches above the ground. The larvae as they matured could then leave 
the fruit and drop to the ground without being handled. 

COMPARISON OF DIFFERENT Types or Apparatus. It would be 
logical to expect that in the process of counting some of the larvae 
might be injured. This would mean that survival and other records 
based upon these counts would be inaccurate. Moreover, the concen- 
tration of thousands of larvae in the relatively small overwintering 
boxes might be thought to cause a heavier mortality than would other- 
wise occur. In order to obtain some information upon these points 
it seemed desirable to run a survival test using both types of apparatus. 
Consequently a very heavily infested lot of Wealthy apples was col- 
lected from four unsprayed trees for test purposes. These apples were 
divided into two reasonably uniform samples. The first lot of 2,170 
apples was placed in a double-decker trap, the larvae being counted 
each day and then transferred to an overwintering box. The second 
lot of 2,060 apples was placed on a large ground tray and the larvae 
in this set-up were permitted to go directly from the fruit into the 
ground without being handled. The following table presents the results 
of this experiment. 

TABLE 2. COMPARISON OF APPARATUS USED IN LIFE History STUDIES 
Number Number Number % 
Apparatus Variety apples larvae flies survival 


Trap-tray in... Wealthy 2,170 10,163 4,084 40.1 
Ground trap Wealthy 2,060 9,640* 3,150 32.6 


*Calculated. 
That the per cent of survival or fly output was higher in the case 
of the small trap in which the maggots were actually handled may 
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seem surprising. Probably this difference was due in part, at least, to 
the fact that in capturing the flies in the large ground cage each day, 
the collector packed the ground and thus prevented the emergence 
of some of them. Then, too, some of the newly emerged flies, while 
relatively inactive, may have been crushed by the collector. At any 
rate, considering the additional information afforded in connection 
with the smaller trap, and likewise the saving in time and materials 
incidental to its use, there would appear on the basis of one season’s 
data to be no reason for abandoning it in favor of the other type of 
set-up. 

LARVAL PRODUCTION AS INFLUENCED BY VARIETY AND LOCATION. 
In general, the variety of apple is the most important factor in the 
production of mature larvae, the early ripening sweet or sub-acid 
sorts producing by far the largest numbers. Table 3 shows this influence 
in a test which included early, fall, and late varieties. 


TABLE 3. LARVAL PRODUCTION BY VARIETY 
Number of Number of Larvae per 
apples larvae 100 apples 


1,206 7,644 
423 2,676 
421 2,288 

2,170 10,163 
976 4,428 

1,950 6,957 
121 199 

1,000 246 


The foregoing table shows that an early susceptible variety such 
as Golden Sweet may produce an average of nearly seven maggots 
per apple whereas a late variety such as Baldwin may produce less 
than three-tenths of an individual per apple. 

In different localities the same variety of fruit may show a material 
difference in larval production. Thus, Table 4 shows that in Cumber- 
land Center unsprayed Golden Sweet trees produced an average of 
nearly 12 maggots per apple, while the same variety collected on 
unsprayed trees in Monmouth produced only 6.3 individuals per apple. 
This difference is no doubt explained by variation in the fly population 
in the two places as well as possible differences in the supply of attrac- 
tive apples. 

LARVAL MortTALity AS INFLUENCED BY LOCATION, VARIETY AND 
Soi. Type. Larval mortality will vary greatly with the particular 
locality due to possible variation in the abundance of parasites, pred- 
atory enemies, and other factors. Upon the basis of one season’s 
work (Table 4) the larvae from certain varieties of apples in Monmouth 
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showed a consistently lower per cent mortality as compared with 
others from the same varieties in Cumberland Center. 


TABLE 4. INFLUENCE OF LOCATION AND VARIETY ON THE PRODUCTION OF LARVAE 
AND FLIES 
Number Number 
Variety Location larvae per apple 
Golden Sweet Monmouth 7,644 6.33 
Golden Sweet......... Cumberland Center 10,956 11.87 
Red Astrachan Monmouth 6,957 3.56 
Cumberland Center 5,471 t 
Monmouth 2,676 
Cumberland Center 11,121 
Monmouth 10,163 
Cumberland Center 3,804 


*Including second generation flies. 


Larvae from early susceptible varieties may exhibit a higher per cent 
of mortality than those ffom late varieties although the total produc- 
tion of larvae is, of course, much greater in the early fruits. In sum- 
marizing the data for 1932, as shown in Table 5, such a difference in 
mortality is indicated. 


TABLE 5. INFLUENCE OF APPLE VARIETY UPON LARVAL SURVIVAL 


Number Number Number % 

apples larvae flies survival 
Early varieties 3,579 17,277 5,650 31.5 
Fall varieties 5,316 24,754 9,203 35.5 
Winter varieties 3,025* 239 98 41.5 


11,910 42,270 14,951 35.3 





*Some apples stolen. 


Early apples tend to break down or decay as a result of the larval 
trails in the fruit and it is possible that some of the maggots are adversely 
affected by this condition. Also it is possible that parasites may be 
more active in parasitizing larvae in early soft fruit than in late hard 


varieties. 

Other investigators have reported that larval mortality is much 
higher in a wet heavy soil than in a light dry soil. Table 6 presents 
figures covering a test involving approximately 20,000 larvae under 
the two conditions. 

TABLE 6. INFLUENCE OF Sor. UPON SURVIVAL 


Number Number % 
Variety larvae flies survival 
Wealthy 9,821 1,320 13.4 
Light loam Wealthy 10,163 4,084 40.1 


The table indicates a difference of over 26 per cent in the survival 
of the larvae which overwintered in relatively light dry loam. 
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Fry EMERGENCE. The time of fly emergence is influenced by the 
variety of apple in which the larva develops. As an example, in 1931 
and again in 1932 the flies from Red Astrachan and other early fruits 
in Cumberland Center began to emerge about a week sooner than those 
from McIntosh and all later sorts. Porter (1928, p. 45) reports similar 
results in Connecticut but certain other investigators have indicated 
that there is no appreciable difference. 

Time of emergence is also affected by moisture and temperature 
relationships which vary from season to season. This is illustrated by 
an examination of Fig. 28 which charts the emergence of over 30,000 
flies in two localities during the past two summers. A study of these 
graphs shows that emergence began in the earlier locality on June 19 
in 1931 and in the later locality on July 3. In 1932 the flies began to 
emerge in these two sections on approximately the same dates as in 
1931. However, in 1931 the peak occurred on June 30 in the earlier 
location and on July 15 in the later site. In 1932 the peak was not 
attained until about two weeks later in each section. This condition 
was probably due to the unusually dry weather which prevailed in 
mid-summer and caused the ground to become dry and hard. Ordinarily 
the insect is much more destructive during seasons of late emergence 
since the flies are then present until late in the fall. As a result, they 
infest many valuable late apples normally free from attack. 

The nature of the soil in which the pupae overwinter is an important 
factor with reference to time of emergence. This factor constitutes 
one of the principal differences between the two localities referred to 
in Fig. 28, for they are lessthan 40 miles apart. There has been a con- 
sistent emergence difference of about two weeks in these locations, 
the soil being much lighter and drier where the flies appear first. In 
general, emergence is over in Maine by the middle of August. In 1932 
in counts involving over 20,000 flies in Monmouth there was a strag- 
gling emergence thruout September and one individual appeared as 
late as November Ist. 

Sex Ratio vs. Peak oF EMERGENCE. Our records indicate that 
the majority of the early emerging flies are females whereas most of 
the late emerging individuals are males. As the season advances the 
proportion of females to males gradually decreases. On the basis of 
counts covering sex records of 7,510 flies in Cumberland Center and 
15,240 flies in Monmouth, in 1932, it was found that the period during 
which the sexes were about evenly divided as to numbers (Fig. 29) 
coincided with the peak of emergence. If the correlation between the 
equality of the sexes and the height of emergence is supported by 
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Fic. 28.—Emergence of flies in Cumberland Center 
and Monmouth in 1931 (above) and 1932 (below). 
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further investigations, it may be possible to recognize the height of 
emergence before it has definitely passed—an important feature from 
the standpoint of control by spraying. 

Seconp GENERATION F.iges. During the last three years the presence 
of a second generation of flies has been observed in our cages in one 
































Fig. 29.—Relation of sex ratio to peak of emergence in 1932. 


location in Maine. In 1931 there were 155 second generation flies 
(Fig. 30) collected in our cages in Cumberland Center during October. 
This number transformed from 27,548 larvae which had developed 
from three lots of early apples. Of this number, 111 developed in 
Golden Sweet apples, 34 in Red Astrachans, and 10 in Williams. Upon 
a percentage basis the foregoing flies represent an emergence of 1 per 
cent, 0.6 per cent, and 0.08 per cent, respectively, of the total number 
of larvae employed in each test. 

In 1932 there were but four second generation flies produced in a 
less extensive test involving 4,846 larvae from Red Astrachan apples. 
These adults also appeared in October. 

The production of second generation flies has been reported by 
Caesar and Ross (1919, p. 23) in southern Ontario, by Porter (1928, 
p. 45) in Connecticut, and by certain other investigators. On the 
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other hand, the writers have failed to obtain any second brood flies 
at Monmouth although larvae from the same varieties from which 
fall brood flies appeared in Cumberland Center, have been under obser- 
vation in Monmouth during the past three years. Likewise O’Kane 
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ocT Fic. 31.—Emergence of two-year cycle 
Fic. 30.—Second generation fly emergence flies in Cumberland Center and 
in Cumberland Center in 1931. Monmouth. 1932, 





(1914, p. 41) reported no second generation individuals during the 
course of extensive experiments in New Hampshire. 

It seems probable that the soil temperature in the fall plays an im- 
portant part in the occurrence of second generation flies. At any rate 
the soil in Cumberland Center is much lighter and drier, and conse- 
quently warmer, than the soil in the other location where the flies did 
not appear. In view of the fact that these fall brood flies do not emerge 
until so late in the season, and therefore are not able to oviposit in the fruit 
until most varieties are harvested, their economic significance is slight. 

Two-Year Cycie. Several investigators have reported the fact 
that a part of the larvae spend two winters in the ground instead of one. 
The flies which emerge during the second summer are known as 
two-year cycle individuals. Cages established in Cumberland Center in 
1930 yielded 131 two-year cycle flies in 1932. This number represented 
8.5 per cent of the total number of flies which had previously appeared 
as one-year cycle adults. At Monmouth 80 two-year cycle flies ap- 
peared in the cages. This number represented’ 5.2 per cent of the total 
prior emergence. In both locations the two-year flies appeared at the 
height of the regular one-year emergence period (Fig. 31). Thus, no 
control complications arise. 
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It is possible that some of the flies may spend three winters or longer 
in the pupal stage as recorded by Lathrop and Nickels (1932, p. 19) in 
the case of the blueberry maggot. 
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THE CODLING MOTH IN NEW YORK 
By P. J. Parrott, Geneva, N. Y. 


ABSTRACT 


The importance of the codling moth (Carpocapsa pomonella Linné) to the apple 
industry of New York and the status of spray practices are briefly summarized. 


The apple grower in New York has to contend with an exceptionally 


large number of important pests. While some are of greater significance 
than others, yet by and large, none of them under average conditions, 
with the possible exception of apple scab, present the serious aspects 
characteristic of some of these pests in other areas. The horticultural 
history of the state shows that exceptional injury by the common pests 
usually runs in cycles, and while the codling moth is indisputably the 
major insect, nevertheless one or several of a number of species may 
rank greater in importance during a given period in the estimation of 
growers. The multiplicity of highly injurious species, therefore, makes 
the question of compatibility of different spray materials adapted to the 
control of the various pests of great significance. The problem of de- 
vising a standard spray program capable of meeting the more important 
needs to a reasonable degree of satisfaction presents many difficulties. 
Considering the present point of view of many growers, added complica- 
tions are spray residue and the standards of the port inspection service 
of foreign lands relative to tolerance for insect injury. 

These considerations, it is hoped, make clear that if there are aspects 
of general interest with respect to the efforts with the codling moth these 
will center more about the broad program of pest control rather than in 
specific undertakings against the insect itself. 
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INFLUENCE OF VARIOUS FACToRS ON SPRAY PractTices.—lIn addition 
to exceptional difficulties with the codling moth, the past three years have 
been a trying period for many apple growers for reasons that are not 
difficult to understand. During the unprecedented outbreak of the 
codling moth prices for fruit have been low and orcharding, like all 
other lines of agriculture, has been influenced greatly by the economic 
stringency. Lean times like these have necessitated careful scrutiny of 
cash outlays since the margin of profit is small. As a consequence, ex- 
penditures for spray material and labor have been governed to a sur- 
prising extent by the financial resources of the grower rather than by 
the needs of his plantings for protection from pests. In many sections 
there were not a few growers who made no attempts to follow orthodox 
spray practices and who, if they sprayed at all, exercised their own judg- 
ment with respect to selection of spray materials and periods of appli- 
cation. These were highly speculative procedures and, as one would 
expect, large losses were sustained in individual instances ; and the task 
during future years of securing efficient control of the codling moth, 
as well as other pests, has doubtless been rendered more difficult. 

Then, again, the course of events during recent vears has changed so 
rapidly that it has been difficult for many growers to keep pace with new 
developments. Engulfed as he is in the economic whirlpool, the state 
of mind and orchard practices of the average grower are far too often 
out of accord with the demand of the times; hence many of the diff- 
culties encountered with the codling moth and the unsatisfactory situation 
with spray residues, particularly with reference to the control of the 
apple maggot, the bud moth, and the second generation of the codling 
moth. 

Few, so far, wash or brush their fruit, and to reduce their chances of 


encountering difficulties with spray residue there is a tendency to omit 


the midsummer treatments so essential for the adequate control of the 
foregoing pests. Generally speaking, then, the orchard industry in New 
York stands confronted with two horns of a dilemma. If all important 
treatments in the spray schedule are made, difficulties may arise with 
excessive spray residues. On the other hand, if essential treatments are 
omitted, the greater the danger from inroads by various pests. 

In those sections where there is an acute need of a satisfactory solu- 
tion of these perplexing questions there is a tendency among leading 
growers to choose the former alternative—to spray as circumstances 
demand and if necessary subject the fruit to a cleaning process. If ex- 
perience justifies this course of action, brushing, wiping, or washing 
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apples will doubtless be favorably regarded by an increasing number of 
growers during succeeding years. 

In view of the foregoing difficulties which beset the apple industry 
and considering the adoption of brushing and washing of fruit by com- 
peting orchardists, no one step in the light of present knowledge would 
make for greater progress or do more to stabilize spray practices in this 
state than a more general adoption of cleaning methods. In surveying 
events during recent years it may truly be said that the onslaught of the 
codling moth and attendant injuries by apple maggot have impressed on 
the minds of many growers that the general improvement of spray prac- 
tices and associated activities stand in the forefront of the interest of 
the orchard industry. 

IMPORTANCE OF THE CopLING Motu DurinG Recent YEARrs.—Dur- 
ing the past three years the codling moth has taken an exceptionally 
large toll from many apple orchards in western New York. In neglected 
and poorly sprayed orchards, stings, together with side and end injuries, 
affected as high as 50 to 80 per cent or more of the fruit. Plantings that 
were well or fairly well sprayed ran on an average of 20 to 40 per cent 
for worm holes and stings, mostly the latter. The majority of orchards 
operated on a high plane of efficiency and regarded as the prize plantings 
in their respective communities displayed varying degrees of injury 
well below the foregoing minimum. Where spraying according to high 
standards was supplemented by such practices as breaking of clusters 
and thinning of crop for undersized and defective fruits infestation was, 
generally speaking, of negligible importance. Even where thinning was 
omitted, the crops in certain orchards displayed damage not to exceed 5 
to 10 per cent for stings and worm-holes. Considering the more pro- 
pressive growers from all areas of the state as a group, only a few ex- 
perienced much difficulty in holding damage by the pest to a satisfactory 
level. 

In the entire Lake Champlain area no great concern has been expressed 
relative to the activities of the codling moth. With respect to the Hud- 
son River valley, stings were generally noted as being somewhat more 
abundant than usual. However, with the exception of a few growers 
in one important apple district no apprehension exists with reference to 
the insect. The chief source of complaint is the apple district extending 
from the Niagara river to Rochester. In 1931, due to a long growing 
season that was moderately dry with temperatures considerably above 
normal, a large second generation developed which greatly accentuated 
the injury inflicted by the first generation In many orchards the dam- 
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age to the apple crop was very high. Conditions would not have been 
so bad had growers followed the schedule of treatments which conditions 
demanded. However, to avoid spray burn and excessive spray residue, 
as well as to curtail expenses, many plantings, particularly old apple 
orchards, either were not sprayed at all or were poorly sprayed. Where 
these practices prevailed the codling moth has had pretty much its own 
way. Because of the prevalence of wormy fruit, the spectacle was in- 
deed an impressive exhibition of the destructive capacity of the insect. 
Similar conditions prevailed during 1932, altho, on the whole, condi- 
tions with respect to the codling moth were not quite so critical as 
during 1931. 

EFFICIENCY OF CONTROL MEASURES.—With respect to control of the 
codling moth, it has been regarded as a moderately serious pest which 
could be readily combated. Its importance and susceptibility to treat- 
ment are indicated in Table 1 which summarizes the data obtained dur- 
ing the past twelve years from tests in our Rome orchard in which the 
counts each year ran from 111,200 apples as a minimum to 209,739 as a 
maximum. 


TABLE 1. Cop_tinc Motu INjJuRY ON SPRAYED AND UNSPRAYED RomEs, 1920-1931 


Per cent insect injury Relative 
Sprayed Unsprayed size of crop 
Large 
Small 
Medium 
Small 
Large 
Medium 
Medium 
Large 
Small 
Large 
Medium 
Small 
Progressive growers who have systematically applied two cover sprays 
for the first generation and one cover spray for the second generation 
usually obtained a high degree of control. The actual results varied 
more or less from the figures given according to the standards of farm 
management of individual growers, locality of orchard, and sanitary 
condition of the planting preceding and during years of intensive injury, 
etc. The average fruit grower is generally satisfied with a lower stand- 
ard of efficiency and from certain localities during some seasons com- 
plaints come occasionally from this type of orchardist relative to the 
prevalence of injury and difficulties experienced to secure satisfactory 


control. The inability of some of our growers to hold the pest to a low 
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level has not generally been a matter of great concern to the Spray 
Service, since the failures have been regarded for the most part as 
anomalies which could be corrected by a better adjustment of the spray 
program to the conditions that exist in a given orchard or locality. How- 
ever, the experiences during the past three years have not only made 
clear that the pest may be more formidable under our conditions than 
has generally been held, but they also point out the desirability of a 
very careful consideration of spray practices to determine if current 
recommendations really meet the needs of the present emergency. A 
study of Table 1 indicates that for a period of ten years or more the 
average amount of injury from the codling moth in the sprayed plats 
was approximately 4 per cent and that during 1931 the damage amounted 
to about 23 per cent, consisting mostly of “stings.” Since varying pro- 
portions of injury of this character are permissible according to the 
grade of pack, the actual financial losses from such defects have not been 
large. Nevertheless, such developments with respect to the pest are 
significant and obviously the study of the insect is one of our major 
problems. 

During the past summer an extensive series of experiments were con- 
ducted in the heart of the area displaying heavy infestation. The tests 
included treatments to determine the value of each cover spray, addi- 
tional applications, arsenical substitutes, increased dosages, various 
spreaders, and summer oils. Efforts were also made to ascertain the 
usefulness of certain orchard practices, such as pruning and thinning, 
on the rate of infestation. The data presented in Table 2 show the 


TABLE 2. EFFECTIVENESS OF DIFFERENT SPRAY MATERIALS ON THE CODLING MOTH 
DurinG 1932 >: 
Per cent codling moth injury 


Wormy 

Treatment Cover sprays applied Stings fruit Total 
Dry mix—lead arsenate.......... 1,2,3 16.7 4.2 20.9 
Dry mix—lead arsenate.......... 1,2, 3,4 9.8 1.4 11.2 
Dry mix—lead arsenate.......... 1, 2, 3, 4, 5 8.1 0.4 8.5 
Lead arsenate—fish oil........... 1,2,3 
a aid wag acehetl 4 5.3 0.6 5.9 
NS a aie oo. dca Nil 1,3,4 
Lead arsenate—oil.............. 2 6.2 0.5 6.7 
si cies hsvduecces 1,4 
Lead arsenate—oil.............. 2,3 4.1 0.4 4.5 
a ria wrest: 6 Gul 1 
Lead arsenate—oil.............. 2,3 6.4 0.6 7.0 
SPINES WE bio c os b o's vet's ve 4 
Barium fluosilicate—oil. ..... 1,2,3,4 5.5 6.1 11.6 
Check—no cover sprays.......... 6.4 61.7 68.1 
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average efficiency of several materials selected from a rather large list 
of insecticides and they serve primarily to indicate the degree of control 
of the pest that can be secured under our conditions. 

It cannot fail to be of profound significance that with the heaviest 
infestation experienced in thirty-five years most of the spray mixtures 
displayed an efficiency varying from 90 to 95 per cent. Owing to the 
surprisingly small differences in effectiveness, it can hardly be said with 
any degree of confidence that one spray material is really more effective 
than another. With respect to the merits of mixtures adapted to condi- 
tions in our general area, the selection must obviously be submitted to 
the test of agreement with observation and experience, and practicability 
determines the choice. Considering efficiency, safety, cost, and compati- 
bility of spray constituents,-the foregoing tests suggest no better com- 
bination than arsenate of lead with lime-sulfur or one of the milder 
sulfur fungicides, such as dry-mix, according to the season’s indications 
with respect to scab development. To reduce the risk of spray burn, we 
prefer to use as much as possible one of the substitutes for lime-sulfur, 
subject of course to the advice of the plant pathologists. Considering the 
complexities of our situation, the prevailing system of treatment as 
recommended by the Spray Service is the best that can be formulated ; 
but it must be admitted that there is need of a better way, tho as yet 
we have no intimation what it is. 

It will be noted that the reputation of oil and lead is sustained and 
perhaps it may find a place in our spray program, particularly in emer- 
gency cases. But here, as well as under average conditions, its com- 
patibility with other spray materials, especially those used in disease 
prevention, will require careful consideration. 

With the means of control clearly outlined, apparently what the or- 
chard industry of New York needs most just now is a decisive change 
in the economic position of growers which will make it possible to place 
spraying on a higher plane and to adopt more generally those supple- 
mentary practices concerned particularly with the improvement of the 
external appearance of the fruit preparatory to marketing. 
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CHEMICALLY TREATED BANDS 
By M. D. Farrar and W. P. Firnt, Urbana, Il. 








ABSTRACT 


In Illinois over a five year period the cold dipped, corrugated paper band (Powd- 
ered beta naphthol—1 Ib., 200-300 seconds viscosity oil—1% pints, gasoline—1 pint) 
has been as effective in stopping codling moth (Carpocapsa pomonella) emergence as 
the hot dipped band. The cold band has advantages as to uniformity of deposit, fire 
hazard and ease of preparation. New cold dipped formulae of high efficiency are 


given. 

The use of bands for the collection of codling moth larvae as a means 
of reducing the codling moth population in an orchard has been known 
and practiced for more than 100 years. Their use has been recommended 
by horticulturists and entomologists, particularly in years when codling 
moth have been abundant. 

Forbes (1885, 3) mentions banding with rags or similar material as a 
standard practice for codling moth control. Flint (1917, 1) in testing 
the various types of paper for bands, found that a tar paper band caught 
about twice as many larvae as did light brown building paper, blue 
building paper, or burlap bands. Glenn (1917, 4) demonstrated the 
effective use of a block trap in connection with a tanglefoot band, as a 
means of reducing the labor costs of orchard banding. Flint and Goff 
(1929, 2) present additional data on types of paper suitable for bands, 
both untreated and treated with chemicals. The results of their work 
indicated that a cold treated beta naphthol band could be used as 
effectively as the hot treated band recommended by Seigler, et al. 
(1927, 5, 6). 

There is no question but what the corrugated paper coated with a 
mixture of beta naphthol and oil in the ratio of 1 lb. to 1% pints is a very 
effective band in killing codling moth larvae. This type of hot band has 
failed in many cases largely because the deposit of chemicals was not 
uniform throughout a series of bands. The reason for the wide variation 
in deposit is illustrated in Figure 32. There is a direct relationship be- 
tween the amount of material deposited and the temperature at which 
the bands are dipped. A mixture too cold will clog the corrugations 
i while one too hot will leave but little chemical in the band. Tests with 
} the over-heated bands demonstrate that they will not give an effective 
control of larvae under field conditions. With properly regulated 
dipping temperatures it is possible to produce a fairly uniform hot 
treated band. Under conditions such as used by the orchardist in 
making hot bands it is impossible to regulate temperatures closely. 
Consequently the bands have varied widely in their efficiency. 
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The cold treated bands have several advantages over the hot method: 
(1) A very uniform coating is obtained. 

(2) Fire hazard is practically eliminated. 

(3) Bands can be treated by inexperienced laborers. 

(4) Dipping equipment is simple and available. 
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“1G. 32—Relation between the temperature of a dipping mixture and the per cent of 
material deposited on a corrugated paper band four inches in width. 1—Beta 
naphtholamine (M. P. 111° C.); 2—Beta naphthol (M. P. 124° C.); 3—Alpha 
naphtholamine (M. P. 43° C.) plus ‘‘Parawax’’; 4—Diamond Paraffine oil (104 
seconds Saybolt 100° F. Paraffine base straw oil). Numbers 1, 2, and 3 with oil in a 
ratio of 1 pound to 1.5 pints of oil. 


The results over a five year period have demonstrated that the cold 
band is as efficient in the killing of codling moth larvae as is the hot 
treated band. Table 1 summarizes the results obtained in Illinois with 
the two types of bands. The differences in numbers of larvae taken per 
band are not significant for these treatments. 

TABLE 1. SuMMARY oF Five YEARS EXPERIMENTS TESTING THE EFFICIENCY OF 
CoL_p AND Hot TREATED CORRUGATED PAPER CopLInG Mots BANpbs 


Average per year Percentage in Dec. 
Item No. Larvae 
No. Treatment Method bands per band Alive Dead Emerged 


Powdered beta naphthol— 
1 Ib 


104 viscosity oil—1% pts.. Cold 10 ; 53 45 <2 
Gasoline—1 pt 


Beta naphthol—1 Ib 
2 104 Viscosity oil—1% pts. Hot 10 
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In 1932 a series of experiments were conducted to improve the ad- 
hesiveness of the chemicals used in the cold treated bands. A part of the 
results of these experiments are given in Table 2. The most effective 
change in formulae was the incorporation of 9% by volume liquid roofing 
cement into the cold mixture. This material (Item 2) increased the kill 
36 per cent over the mixture without roofing cement (Item 4). In addi- 
tion these black bands in this year’s tests collected 31 per cent more 
larvae than did the bands without cement. Tests of higher ratios of 
roofing cement did not produce an efficient cold-treated band. 

The most efficient band tested in 1932 was a cold dipped band (Table 
2, Item1). This band offers promise of being one of the best beta naph- 
thol bands yet devised. The beta naphtholin the mixture had been finely 
ground with the oil into a factory product of the correct proportions for 
dipping. The combinatiom may be either heated for hot dipping or 
diluted with gasoline for cold treating. The deposit of beta naphthol- 
oil on the bands with the cold treatment is uniform, adhesive and re- 
mained effective throughout the season. 

The use of crude beta naphthol instead of the more refined product 
may cheapen the cost of preparing treated bands. Crude beta naphthol 
has given as good kill of larvae as the refined product (Table 2, Item 5), 
(Table 3, Items 1 and 2). 

Oils of 200-300 seconds viscosity, Saybolt 100°F. have proven more 
efficient than oils of 100 seconds, both in the cold and hot treated bands 
(Table 2, Items 1, 5, 6, 7, 8, and 3, 4, and 9). 

In Table 2 a comparison of efficiency between Items 1 to 5, cold 
treated bands, and Items 6 to 9, hot treated bands, will show a decided 
advantage for the cold treated ones. 

Table 3, Items 1 and 2 compare directly the efficiency of 2 and 4 inch 
bands both as to the number of larvae collected per inch and the relative 
toxicity of the treatments. In these 1932 tests the 4 inch band collected 
1.9 larvae per inch more than the 2 inch bands, or about 21 per cent. 
Ina series of tests run during the past five years the 4 inch bands have 
caught a larger number of worms in all cases. From the orchardist’s 
view point, this increased catch would more than offset the added cost 
of the 4 inch band. 

The cost of home dipped cold beta naphthol-oil bands is very low. 
On a fairly large scale (20,000 feet or more) they can be made for less 
than 0.7c per foot of band for labor and material. 
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SUMMARY 

1. The cold dipped (powdered) beta naphthol-oil bands have proved 
as effective as the hot dipped bands. 

2. The effectiveness of the cold band can be improved by the addition 
of 9.0 per cent roofing cement. 

3. Commercially ground beta naphthol and oil is a practical and 
efficient mixture to use in either hot or cold bands. 

4. Crude beta naphthol may be substituted for the refined product 
for codling moth bands. 

5. Under Illinois conditions the 4 inch corrugated paper band is in 
general more practical than a 2 inch band. 
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Mr. Parrott: May I ask in the band captures, what is the relation- 
ship of the catch to the population of worms on an apple tree? 

In Illinois they caught 1,000,000 worms. How many million worms 
more are there in that orchard? I am very much interested in that 
question because in New York there is some interest in bands and we 
have had to carry on experiments with bands. We went into a heavily 
infested district where band counts last year showed an average popula- 
tion of worms of 300 to 900 per tree. That was preliminary work to this 
experiment. 

Mr. Harmon who conducts the work has gotten the impression that 
the bands catch 25 per cent of the total worm population of a tree. 

A very practical question comes up in regard to our progressive 
growers, the men who have the choice orchards in Western New York. 
By careful timing of those covers sprayed, even if you have to put on 
extra ones, the work has shown that you can reduce the band population 
of the caterpillars to two or six caterpillars per tree, while in the adjacent 
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parts of the orchard not so treated there is just as heavy infestation of 
worms in the band as last year. 

What we would like to know is what per cent of the worm population 
do these bands catch? It is a question of evaluating these supplemen- 
tary practices in regard to codling moth control. 

PRESIDENT FLINT: We have been making some attempt to answer 
that question by several methods. One of the methods has been to 
take trees in commercial orchards that have been banded, and, starting 
in November, to go over those trees. Some of those bands have been in 
place all summer without removal. 

They remove the band and count the number of worms under the 
band. Then they go over the tree in an extremely thorough manner and 
by that I mean a real thoroughness. To go over a twenty-year-old tree 
the way we have been doing it takes at least two days and sometimes 
as much as four days of a man’s time. I do not mean taking a few 
samples here and there. I mean going over the entire tree, the pruning 
wounds, the ground under the tree, raking up the cover under the 
branches, to a depth of an inch, and sifting that. 

Our figures from these examinations have shown a much higher 
catch under the bands than we expected. On some of these trees, we 
found as high as 83 per cent of the worms under the band. We now 
have, I think, figures from approximately twenty trees where we have 
done that. We are accumulating more data along that line as fast as we 
can. These figures, as a whole, show approximately 73 per cent of the 
worms under the band. Last year we carried on some of these examina- 
tions in an orchard which was to be cut out later in the winter, and there 
we could cut any of the trees, split them open, and chop out any of the 
old pruning wounds, stubs or anything of that sort. We did not have to 
give any care to the tree at all. We were able to cover five trees in that 
orchard and the average from those five trees, as I remember it was 76 
per cent under the bands. 

In that connection, I might say in one orchard this year in the central 
part of the state, an old orchard with trees running from about twenty to 
thirty years old (that is old for an Illinois orchard) we assisted the owner 
in treating the bands for that orchard. He treated a little over 20,000 
feet of band, using the cold-dipped method. This fall we took off a num- 
ber of bands scattered over that orchard, enough, we felt, to give us a 
good index of what was actually occurring over the orchard. We found 
an average of six worms to the linear inch in those bands. 

These were four-inch bands. The actual catch was over 1,500,000 
worms. The emergence checked on those bands throughout the season 
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was—I haven't the exact figures here, but it is way under one per cent 
over the entire season. The bands actually cost the owner (we kept 
track of every item of cost) in position on the tree a trifle less than 4% 
cents per tree. I do not know of any way in which he could have 
expended that money to better advantage in reducing the codling moth 
carry-over in his orchard. 

That reduction, killing over 1,500,000 worms in the orchard certainly is 
going to havea big influence on the infestation in that orchard next year. 

In the last few years the codling moth has been increasing to such 
an extent in Illinois that we have found it necessary to use every 
means possible to reduce the infestations in our well-cared for com- 
mercial orchards. 

Just to give an idea of conditions, I would say this year we carried on 
a survey of 118 commercial orchards in the different sections of the 
state. Counts were made shortly before harvest in all these orchards of 
the actual run of the fruit to get the codling moth infestation. The 
infestation ran all the way from two-tenths of one per cent up to 57.8 
per cent. The spray schedule had been as heavy in many of the in- 
fested orchards, even heavier, than that in some of those that were not 
so heavily infested. 

In fact, the best orchard in the state, which is a large orchard (the 
orchardist operates about 600 acres) was 30 years old and had only two- 
tenths per cent worms. Within fifteen miles was another orchard, fif- 
teen years old, the same variety, receiving three more sprays than the or- 
chard with two-tenths per cent worms, which had 56 per cent worms. 

The materials used in these orchards were exactly the same. The spray 
schedules were practically the same, and the degree of coverage was not 
very much different. 

When you get conditions like that, you certainly have it hammered 
into you that there is something there other than the spray material 
used, which is a big factor in that infestation. 

We have been stressing particularly the matter of orchard sanitation, 
and along with that, supplementary measures of codling moth control. 
One of those that we have found the most effective or most practical, 
considering cost and other factors, is the use of treated bands. We have 
been carrying on experiments in Illinois with the use of a cold-dipped 
band or cold-treated band, using beta-naphthol and various other ma- 
terials, but the results I will give are those with beta-naphthol only. 

We have found in the course of five years’ work that the results ob- 
tained with the cold-dipped band are just as good or better than those 
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obtained with the hot treatment where the oil, the beta-naphthol mix- 
ture is heated. 


Mr. Parrott: I should like to ask one more question bearing on this 
point. You speak of a grower in Illinois who got control of the codling 
moth to such an extent that less than 1 per cent was injury. What is 
the caterpillar count on his trees? Would that man, use bands for con- 
trol? 


PRESIDENT Fiint: The count of his trees runs about five or six 
worms per band. He feels that the band under those conditions is 
still worth while because he is paying attention to orchard sanitation 
and his actual spray schedule, as far as the number of sprays he puts on, 
is far less than many of the neighboring growers’. 


Mr. Herrick: What was the difference in which it was 57 per cent? 
Was it worms or stings on the fruit? 


PRESIDENT Fiint: It was worms, not stings. The conditions in that 
orchard were extremely bad. The trees cut down were left in the or- 
chard. The packing shed is everything it should not be. There were 
old crates and barrels around. 


Mr. Herrick: He sprayed just as well as the other man? 
PRESIDENT FLINT: He put on three more sprays. 


Mr. E. H. Siecrer: I should like to ask Mr. Flint relative to the 
deposit per foot on the band with the cold treatment compared to the 
hot, the amount of beta-naphthol per unit area. 


PRESIDENT FLinT: I haven’t the actual figures on the weights. The 
cold-treated band will carry a greater amount of beta-naphthol per inch 
or per foot, whatever linear unit you want to use, if the treatment is 
properly made. You can get a hot band where the temperature is just 
right, that will carry approximately the same amoung. 
— 


Mr. SIEGLER: I should like to ask what was your moth infestation in 
your untreated, unsprayed trees? Did you leave any trees unsprayed 
so we would get a relative idea as to how severe the codling moths are, 
if you do not spray? 

PRESIDENT FLINT: We always leave an untreated check in our or- 
chards. It was, as I recall it, 83 per cent. 


Mr. HorsFatt: I should like to ask what the relative proportion was 
of gasoline and oil in that formula. You did not give the exact formula 
you used. 
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PRESIDENT Fuint: The formula that we have been using, the one on 
which these results were based, is one pound of beta-naphthol, one and 
one-half pints of lubricating oil of 104 viscosity, and one pint of gasoline. 
This was for thestandard band we used. Theroofing solution was 9 per 
cent by volume. Some of the gasoline evaporates. We merely put it in 
to make it fluid and easily dipped. You could use kerosene, but it does 
not evaporate as fast and we felt the kerosene residue was slightly re- 
pellent. 


Mr. Srecier: Professor Parrott asked with réference to the per- 
centage of worms caught in the bands. The Bureau of Entomology has 
had a number of tests running for a number of years. Our figures are 
not as high as Professor Flint’s, but the average is 30 or 50 per cent 
total population. 


Mr. C. R.Cutricut: At the Ohio Station we have attempted to find 
out the worm population of the tree. There we have started with the 
first crop of the fruit of the season and kept a count, noting when the 
worm has left the apple, and have taken that figure and compared it 
with the total number of worms finally collected under the bands. We 
find we get anywhere from 8 to about 40 per cent of the worms that 
leave the fruit. 


Of course, we admit the spread is greater because we know all the 
worms that leave the fruit do not finally regain the trunk or find hiber- 
nating quarters. The figures in our instance are a little lower than 
Professor Flint’s, or the Bureau's. 


PRESIDENT Fiint: We have been using some other methods, too, 
but this one we have been using was with the idea of getting the actual 
per cent of worms hibernating, which is really the thing that is going to 
affect our next year’s crop of worms in an orchard. 


Mr. Parrott: We have been getting at the problem in another way, 
where we give treé@s ten-day inspections and carry off all the young 
apples that show eggs or stings, rearing our population in that way 
separate from the tree. 


Mr. Srecier: I should like to ask Professor Flint another question 
about the cold-dipped bands. In dipping those bands after they are 
dipped, what is the character of deposit, soft, or how do you provide for 
drainage if that is necessary? When they are placed on the tree does it 
run down the trunk or is it more or less adhesive to the band? 


PRESIDENT FLiIntT: Usually the method of treating is in some sort of 
tank or vat, using the corrugated paper cut to desired width, whether 
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two or four inches, in rolls. The paper rolls should, of course, be dipped 
flat side down. 

Some of our orchardists, one in particular who this year used some 
25,000 bands, at our suggestion double dipped the bands. Those bands 
were 100 per cent effective right through the season. The band was 
dipped, then set out on a drainboard, and it is a good idea after the 
bands have been there for a couple of minutes to have a man turn them 
over. The excess runs back into the dipping tank and the material, 
while still slightly soft, does not run out of the band any more than it 
does out of the hot-treated bands. There is no running down on the 
trunk of the tree. 


THE NET GAIN DURING THE LAST DECADE IN CODLING 
MOTH CONTROL INFORMATION AS INDICATED BY 
EXPERIENCE UNDER CONDITIONS ESPECIALLY 
FAVORABLE TO THE INSECT 


By GeorcE M. List, Colorado Agricultural Experiment Station, 
Fort Collins, Colorado 


ABSTRACT 

Extreme codling moth (Carpocapsa pomonella) conditions determine the true 
value of control suggestions in a short period of time. The proper use of arsenate of 
lead remains our most effective single control. Oil sprays in themselves are not a 
satisfactory control, but in certain combinations are of value. They complicate the 
spray residue problem and under many conditions are injurious to the fruit. Bait 
traps as a means of timing the application of sprays and the chemically treated bands 
are two of the most important recent developments. The use of the egg parasite, 
Trichogramma minutum Riley, has not shown a definite control under Colorado con- 
ditions. Unless more effective controls can be developed some fruit growing areas 
must be classed as marginal. 

Colorado, with her varied altitude and the many combinations of 
conditions produced in the protected mountain valleys, presents in 
many respects a cross section of the codling moth problem of the country. 
There are orchards in the state where a wormy apple has never been 
taken and sections where the one spray method, so earnestly advocated 
a few years ago, could be demonstrated as the solution of the problem; 
still other sections, where 3, 4 and 5 sprays give a satisfactory commer- 
cial control and lastly, the Grand Valley, that incidentally has given us 
our codling moth reputation, where a combination of all the known 
controls, when put in the hands of the growers, does not give a satisfac- 
tory control, and hundreds of acres of trees have been and are being 
pulled as a result. 

What I will have to say here is a brief summary of some conclusions 
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arrived at from tests and the experience of growers under these extreme 
conditions in contrast with those in the other sections apparently less 
favorable to the insect. 

Fruit growers have, as a rule, been very hopeful and optimistic 
and have not hopelessly condemned the entomology profession for the 
many theories that have not added to the practical handling of this 
problem. Time has usually determined the true value of the various 
control suggestions and a surprisingly small number has stood the test. 
Literature is full of ‘‘sure cures” that have long since been forgotten. 
As the time factor is much shortened under the most severe conditions, 
I feel justified in making a brief summary, with possibly some state- 
ments that may be contradictory to the general belief in other sections. 

In spite of its many short-comings, arsenate of lead continues to be the 
most effective single insecticide and its proper use the most important 
single control. Little, if any, improvement has come from using it at a 
greater strength than 3 pounds to 100 gallons, and no increased control 
has resulted from the use of the true spreaders, such as calcium caseinate 
and soap. Fish oils as spreaders and stickers give a more uniform cover- 
age and increase the total load. This has resulted in a slight improve- 
ment in control. But if used in more than two or three applications the 
difficulty in removing the residue more than offsets the benefits. 

No combination of controls has allowed the applications of arsenate 
of lead to be reduced to a number that will not leave a residue that ex- 
ceeds the legal tolerance. All fruit must be treated after harvest for 
residue removal. No other arsenicals have equaled the arsenate of 
lead in effectiveness and all stomach poisons applied as dusts have been 
almost useless. 

The flourine compounds have not proven as effective as arsenate of 
lead. The difference, however, may not be so great but what some 
sections can use them for certain applications and thus hold the arsenical 
residue below the tolerance, but they do not seem to have a place under 
conditions-of heavy infestation. 

The summer oil sprays have been developed largely during the last 
decade and were enthusiastically received by our growers, but it is in- 
teresting to note that the use in Colorado is much less general than a 
few yearsago. They in themselves will not control the codling moth but 
do increase the results when used in certain combinations. The combina- 
tions with nicotine and pyrethrum have been almost completely dis- 
carded as not giving sufficient improvement to justify the expense and 
there is no hope of substituting them for arsenate of lead in enough 
applications to hold the residue below the tolerance. 
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The oils, in combination with arsenate of lead, are subject to two 
very serious objections. The first is that even a limited number of 
applications very seriously complicates the spray residue problem 
where our residue on all fruit is several times the tolerance. In many 
cases it has been impossible to bring the fruit below the tolerance with 
the present cleaning methods without serious injury. 

The second objection and probably the most serious is that the ap- 
plication of petroleum oils, either with the arsenate of lead or as carriers 
of nicotine, pyrethrum or rotenone, are so generally accompanied by 
appreciable injury that they must be used very cautiously, and they 
cannot be used following dormant, delayed dormant, or summer applica- 
tions of lime-sulphur without even greater injury. This injury is much 
more noticeable on certain varieties and on trees that are not in the 
most thrifty condition and seems to be accumulative at least for the 
season. It remains to be seen just how much this effect is cumulative 
from season to season, but it is difficult to argue that a material that 
causes visible injury under any considerable variety of conditions is 
going to be an entirely safe insecticide to use on an insect that is as 
persistent as the codling moth. Under our conditions the applications 
must be held to two or at most three, which are not enough to carry us 
through our long period of high codling moth population. If oils can be 
sufficiently refined to overcome this tendency to injury and our cleaning 
methods be more developed for the oil and arsenic residue, they will 
prove to be one of the outstanding developments for better control. 
But with our present knowledge we must admit that they are likely to be 
over-rated by the enthusiasts. 

Bait traps have received a great deal of attention during the past 
several years and there is no arguing the fact that many moths can be 
trapped, but in our experience the traps have not given enough improve- 
ment to warrant the labor and expense of handling them. Yet, in spite 
of this, I think we would have to class their development as very impor- 
tant since they are being so successfully used in determining the codling 
moth activity within the orchard. They give us one of the simplest and 
probably the most accurate method of doing this. I consider their use 
in this connection as far more important than as a control. 

Bands have long been considered an important supplementary means 
of control. We have always told our growers that if they do not get a 
satisfactory control with 4 or 5 applications of arsenate of lead, the 
next thing to do is to use bands. The old bands that were worked by 
hand were quite effective and were almost as important in codling moth 
control as spraying. The chemically treated bands seem to be fully as 
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effective and have eliminated the tedious and rather hard work of going 
over the entire orchard at stated periods. We look upon the Beta- 
Napthol band as probably the most outstanding development in codling 
moth control during the last decade. We are happy to have had a 
small part in the development of these in cooperation with Mr. E. H. 
Siegler, who has been the leader in this work. 

The Trichogramma minutum egg parasite has presented a very 
fascinating line of work during the last several years and in the enthusi- 
asm that comes over a new project, there is danger of us being carried 
away and interpreting results as we desire to see them rather than as 
they occur. We must admit that in our experience on this work we have 
seen something of that tendency, even after having developed a rather 
pessimistic attitude on codling moth control in this one section of the 
state. We have liberated several million of these parasites, representing 
three strains, over the last 5 years of this project. During three of these 
years, the effects of the liberations have been entirely masked by the 
natural parasitism that has occurred in the orchards. If our liberations 
had been more general we could have taken much credit for the condi- 
tions. During the other two years there has been a low natural parasi- 
tism with the results that we could read fairly accurately the effects 
of the liberations. We have been disappointed in that there has been 
only a very light parasitism of the first brood eggs where the results 
should be most effective. We have not been able to explain this to our 
entire satisfaction. Parasitism usually begins on the last of this brood 
of eggs and may increase quite rapidly in orchards where the eggs are 
abundant. The percentage of parasitism seems to be in direct ratio 
to the degree of infestation. In some orchards we have had as high as 
80 to 90% parasitism of the late brood eggs. This, undoubtedly, has 
reduced the number of late worms and may reduce to a limited extent, 
the number of overwintering worms, but in no case has this reduction 
been such that there has been a marked increase in the protection of the 
fruit. So after these several years we are forced to the conclusion that 
the use of the parasite does not show a great deal of promise as a solution 
for our difficult problem. 

Some of you will, no doubt, say that this condition of difficulty in 
control has developed through a failure to do this or that, or through 
a lack of thoroughness in work and a gradual building up of the codling 
moth population. There may be some truth to this, especially under 
the present conditions, when the morale of the growers is somewhat 
lowered and they are not financially able to do all of their work in the 
way they would like, but I think the fact remains that fruit growers, 
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as a rule, will fight only about as hard as they are forced to. They are 
usually no more thorough than they need be. That is true of all of us, 
whether it is against the codling moth or any other problem. So I am 
inclined to think that the growers, under the extreme conditions, have 
probably learned to be as thorough as in most localities. 

There is little doubt but what our controls are not sufficiently effective 
to handle the situation. Unless they can be improved it appears that 
we must admit that there are marginal areas, made so by the codling 
moth and our inability to control it, where apple growing cannot be 
profitably conducted. Whether the insect will make further inroads 
upon the industry and place other localities in the marginal class I think 
rests with the entomologist. 

So in conclusion I might say that probably one of the greatest net 
gains has come from the fact that science is more fully aware of the 
situation and is accepting the challenge. Many of the lines of attack 
mentioned will undoubtedly be more perfected and new ones opened up. 
It is hoped progress can be rapid enough to save the sections that are in 
a precarious condition. 


BuSINESS SESSION OF THE EASTERN BRANCH 


President L. M. Peairs called for the report of the nominations com- 
mittee, which was adopted. 


REPORT OF COMMITTEE ON NOMINATIONS 


For Chairman, T. J. Headlee. 

For Secretary-Treasurer, Harry B. Weiss. 
W. J. Schoene 
H. W. Allen 
E. N. Cory 


The following report of the secretary-treasurer was read. 


REPORT OF THE SECRETARY-TREASURER 


Paid membership in the Eastern Branch for 1931 amounted to 133. For the 
purpose of comparison, the paid membership for previous years is given as follows: 
19290. 1930 1931 
. -  - See l l 1 
Virginia REE SR pee ee 5 4 8 
District of Columbia 6 3 9 
Maryland. . _ 9 
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1929 1930 1931 





acs oie okt id ace Ghee e he 2 2 3 P 
ds oeshs cbs obecasbhecvets 9 3 11 
New Jersey Cea Gi vis itinn toe 26 21 19 O 
i ncicdaainschdssntiens ha 27 28 39 P 
DE cha sot hegocrccvcees> sss 10 9 15 E 
de va rutchi osteowe des’ 2 0 1 S 
YR A RR aa 6 5 14 P 
acd vias sen hee rece eke 1 1 0 G 
NN San oe pc's tines sc e.dals® 0 0 1 
tls ones ion wins ooneae ty 0 1 2 
SUEDE, cic cccecwessocess 1 0 0 
SEES 298s vs cnc dhten ch ckéwne 0 0 1 B 
een Ee a, SS eae ae 101 84 133 
Sixty-two papers were presented at the November 1931 meeting, covering the : 
following topics. Figures for previous years are included also. 
No. papers No. papers No papers 
1929 1930 1931 
meeting meeting meeting 
Rs PCat cet abnor ust Gh ek oa Dee 2 3 1 
RE SE ee oe ae 2 1 0 
Insects injurious to animals............... 1 0 0 
Insects injurious to ornamentals........... 2 5 5 
Diseases and parasites of insects........... 3 2 8 
Ss os Sis seus ot urwcbatoute™ 6 10 9 a 
Etihad ain CRW date We bik os Sa oka ee 2 0 2 
EE ss os dines a4 0% 0's.e 0 400 0; 6 3 4 
—- beetle and related species......... 5 6 3 
EE i dw ds beep 00s 46 Hoses 2 1 2 
EE CN ns cee dacinncusnaceoas« 1 1 0 
Insects injurious to fruits, vegetables and 
SS Sada nant Wate wis 6s + iow dnd e 14 7 27 
iinet MER ah ws kk wile edede's 0 0 1 rr 
PGs bc vt ee cae kanbess tautebee e 46 39 62 
a 


A total of 51 papers was published in the April and June 1932 issues of the Journal 
of Economic Entomology. These occupied 284 pages and 11 plates and the cost was 
$648.00. One-half of this amount was paid on July 15, 1932, and there is still a 
balance of $324.00 due. 


FINANCIAL STATEMENT 


Cash Receipts 


Balance in bank November 19, 1931.......................-- $139.22 
Additional amount received for 1931 dues..................... 134.00 
ee I I conc snes seWeseve dsbeeeee 2.00 
Amount received for 19382 dues to date..................-54-. 102.00 
a. ca dite rewsnrcesscecceaces 150.00 
Received for 1932 advertising to date....................2005. 70.00 





EEE Fe ee ee eer reer a ee ery $597.22 
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Cash Payments 


Printing 16061 programe... 2... ccccccccccs coe Geee sy cae 
One-half of cost of printing 1931 proceedings.................. 324.00 
PC Sade ak ee week eke ee acl eon aes heen’ 9.45 
Expressage—material to Dr. E. P. Felt...................000: 40 
RE ORES CS 2 par Poms Oe Seer ee Ee tee 1.35 
No a eat sca tdesectabecaaccene 49.00 
Goverment tax om two CROGES. .. 6 ccc ccc ccc cc cee ccc cese , .04 


ey I i eke wae eed ORwd seek cos .w Re Gee dew ane Maen 
BALANCE ON HAND December 21, 1932 (deposited in Trenton Trust Co.) 


Accounts Payable 
Government tax on three checks............... gd Ate ie $ .06 


Balance unpaid on printing of 1931 proceedings................ 324.00 
I Sa ruts o> oc bacs + 0% 6d 5a bas veaee Ue ote 


Respectfully submitted, 
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$420.74 
$176.48 


Harry B. WEIss, 
Secretary-Treasurer 


The auditing committee reported as follows: 


‘“‘We have examined the books of the Secretary-Treasurer and the 


accounts agree with the report. 
December 29, 1932. H. E. Hodgkiss, W. S. Hough.” 


The report of the secretary-treasurer was then adopted. 


Dr. C. C. Hamilton, chairman of the Program Finance Committee, 
reported upon the successful sale of advertising for the Branch program. 


The secretary proposed the names of the following persons for affili- 


ated membership and they were duly elected. 


L. L. Hill, Ithaca, N. Y. 

John A. Rodda, McCormick & Co., Inc., Baltimore, Md. 

G. W. Simpson, Orono, Maine 

John C. Long, Lancaster, Pa. 

Frank B. Maughan, Ithaca, N. Y. 

W. A. Rawlins, Ithaca, N. Y. 

W. W. Thomas, California Spray Chemical Co., New York, N. Y. 
Henry T. Wood, Kingston, N. Y. 

Edwin Gould, Kearneysville, West Virginia 

R. W. Birdsall, New York, N. Y. 
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EXPERIMENTAL RESULTS IN CODLING MOTH CONTROL 
WITH LATE SUMMER OIL APPLICATIONS 


By C. R. Curricut and J. S. Houser 


ABSTRACT 


Four years of experience with refined oil sprays applied in midsummer show that 
these materials are not as effective as arsenate of lead applied at the same time for 
the control of Carpocapsa pomonella. The ratio of entrances to stings is always 
higher on oil sprayed plots than on those sprayed with arsenate of lead. However, 
the oils used in midsummer have been quite effective in lowering the arsenical resi- 
dues. 


The problem of codling moth control under Ohio conditions, except 
in certain limited areas, is less acute than in many apple growing sec- 
tions in the United States. For several years experimental work has 
been under way at the Ohio Agricultural Experiment Station comparing 
applications of summer oils alone in late season with the conventional 
program where arsenate of lead sprays are used. The goal sought in this 
investigation was not only that of worm control but the avoidance, if 
possible, of the necessity of washing at harvest to remove excessive 
arsenical residues. 

The work has been conducted both in the laboratory and the field. 
Field results only will be presented at this time, although it may be 
stated that the laboratory work, in the main, substantiates the field 
trials. 

Limited field trials of summer oils were started in 1927 and have 
continued to the present time. The work done prior to 1930 is not 
deemed of great significance for two reasons: Ist, the number of plots 
each year was small and there were no replicates; and, 2nd, the oil 
sprays available previous to 1930 had not been developed to their 
present stage of efficiency. However, it may be stated incidentally 
that all of the results during this early period, when compared with 
arsenate of lead-sprayed plots, were unfavorable to the oils. 

In 1930 a series of four plots were sprayed with a 2% oil on July 30 
and again on August 13. The data collected for these plots were com- 
pared with those from four adjacent plots which received the regular 
midsummer spray of arsenate of lead (1 Ib.—50 gal.). The spray schedule 
for both series of plots was uniform during the early part of the season. 
Of the four comparisons, three favored arsenate of lead and one was a 
tie. 

In 1931, the work with different summer oils was greatly increased in 
that 24 plots sprayed with oil in mid summer were compared with 24 
adjacent plots sprayed with arsenate of lead. These paired plots were 
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located at five different points in Ohio and included a number of repre- 
sentative apple varieties. In summarizing the data of 1931 it was found 
that, in the matter of control, 18 of the 24 comparisons favored arsenate 
of lead, one favored oil, and five were ties. 

During 1932, seven comparative tests between oil and arsenate of 
lead in midsummer were made. Of this series, four tests favored arsen- 
ate of lead, one favored the oil, and two were ties. 

In all the tests from 1930 to 1932 it should be noted that in many 
cases the differences in results were not great. In instances where the 
difference was less than 4 per cent, they were recorded as ties, but where 
the difference was greater, the favored material is indicated. On this 
basis, for the 3 years’ work there are 25 comparisons favoring arsenate of 
lead, two favoring oils, and eight ties. From these figures only one con- 
clusion can be drawn; namely that arsenate of lead for midsummer 
applications was more effective than the oils used. 


TABLE 1. LEAD ARSENATE Vs. OILS APPLIED IN MIDSUMMER 
Number of trials favoring 


Year Lead 
arsenate Oils Tie 
1060..... ny: 3 0 1 
SG vis oe cee awn Ros Uae 18 1 5 
re j epee ae See: 4 1 2 
Total ‘ 5 Kk ara ~ 25 2 Ss 


The injury done by codling moth to apple fruits usually is classified 
under two heads; viz., (1) entrances or sideworms and (2) stings. The 
data given in Table 1 were computed by combining the records for the 
two types of injury and expressing them as one figure. 

It has been observed for some time past, while taking records from 
plots sprayed with arsenate of lead and with oil, that the ratio existing 
between stings and entrances differed for the two materials. The sting- 
entrance ratio of comparable plots is shown in the following table: 


TABLE 2. STING-ENTRANCE RATIO EXIsTING BETWEEN ADJACENT PLots SPRAYED 
WitH ARSENATE OF LEAD OR WITH OILS IN MIDSUMMER 
Sting-entrance ratio 


Lead 
Year Trials arsenate Oil 
ST ticked ab 6 ebinieeel & ob ks 6. och in i soso ead cia Av. of 3 1-8 1-1.7 
SR IES: edge . age, eek ery eo Av. of 20 1-.8 1l- 9 
Sec 8 ean es wh pg eo, , de ty eS pe . Av. of 7 1-.6 1-1.6 
Ne ccna es ckeh habe ase enbewd + abies baal in a 1-1.2 


On arsenate of lead-sprayed plots, it is easily seen that for every 10 
stings there were eight entrances, while on the oil-sprayed plots for 
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every 10 stings there were 12 entrances. This difference can be further 
demonstrated by a statistical study of the data; for example, if a com- 
parison of the oil- and the arsenate of lead-treated plots is made on a 
basis of entrances only, the odds are in every case significant. However, 
if the comparison is made on the basis of the stings, in no instance is 
there worth while odds. These data are presented in Table 3. 


TABLE 3. STATISTICAL COMPARISON OF LEAD ARSENATE Vs. OILS ON A BASIS OF 
ENTRANCE AND STING INJURY CONSIDERED SEPARATELY 


Odds showing differences between 


Year Entrances Stings 
ES inna kG varcdh pao 0 6c 0 CR kee hE Ae 20-1 1-1 
i kde. ok wala a's heats ua 3 hae eros 215-1 *5-1 
I nin 5 Pad ian bkbcn obied aenodainn a 933-1 6-1 
ni Jo ok siete SoS AES GE TAREE RS 37-1 1-1 
SEIS | EE Pen EE ae 171-1 *2-1 


All odds favor arsenate of lead unless marked by *. 


As the entrance type of injury is much more serious than the sting, 
this point should be considered in evaluating the two materials. 

An effort was made in 1932 to increase the efficiency of the oils by 
the addition of nicotine sulphate. Through the courtesy of the Standard 
Oil Company of Ohio we were able to collect data at Lorain, Ohio, from 
a series of four comparisons between midsummer applications of arse- 
nate of lead and oil-nicotine. In this series, three comparisons favored 
the arsenate plots and one the oil-nicotine plot. Five small plots at 
Gypsum, Ohio, and seven at Wooster, Ohio, sprayed in midsummer with 
oil-nicotine were compared with similar adjacent plots sprayed with 
arsenate of lead + lime + lime-sulfur. These data are shown in the 
following table: 


TABLE 4.—PER CENT OF FRUIT INJURED ON PLOTS SPRAYED IN MIDSUMMER 
Lead arsenate Oil-nicotine 


in cas eee kak ib Obs ka khee noses 49.7 47.0 
27.6 36.1 

24.3 27.6 

40.0 33.2 

33.2 49.9 

ie i eR es iad ad ae onal wb yi 35.0 38.6 
RY 9 Se PSE Eg pees, 5 ee 9.0 28.2 
5.7 16.1 

11.1 11.0 

23.1 17.7 

5.8 3.6 

12.4 11.0 

11.2 11.0 

le ein tint ad a xk Kno naideth a aime se. aa 9.5 14.5 


The trend of results in experiments where nicotine sulphate was added 








ae. 
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to the oil slightly favors arsenate of lead, but the differences are so small 
that efforts to demonstrate them statistically have failed. Moreover, 
the sting-entrance ratio shows only a slight difference. 

ConcLusions.—When the data presented are considered in all their 
aspects, it may be said that the results demonstrate the superiority of 
arsenate of lead. With specific reference to the sting-entrance ratio, 
fewer entrances than stings were found on arsenate of lead plots and 
fewer stings than entrances on the oil-sprayed plots, but the total in- 
jury was higher on the oil-sprayed than the lead arsenate plots. 

The possibility of using oils for late season codling moth control holds 
promise, particularly if the oils can be rendered more efficient by an 
additional toxicant of a non-arsenical nature. Small growers lacking 
washing equipment are more likely to use oils for late-season control 
than are those with acreages sufficiently large to warrant an investment 
in washing machinery. 

In the experience accompanying the work herewith reported, in no 
instance have harmful arsenical residues resulted when lead arsenate 
was used in the calyx and first cover sprays and when oils were substituted 
for arsenicals in late-season sprays. 


A SUMMARY OF THREE YEARS’ EXPERIMENTS ON THE 
CONTROL OF CODLING MOTH IN SOUTHWESTERN 
MICHIGAN’ 


By FRANKLIN SHERMAN III, East Lansing, Michigan 
ABSTRACT 


Tests over a three-year period are reported, and show that arsenate of lead sprays 
may be expected to control codling moth (Carpocapsa pomonella) in heavily infested 
Michigan orchards. Summer oil emulsions and the summer oil-nicotine sulphate 
combinations have also resulted in good control under severe infestations. Following 
the use of lead arsenate sprays it was necessary to wash the fruit. This, it is shown, 
usually can be escaped if summer oils or the summer oil-nicotine sulphate com- 
bination is used for the summer brood sprays. It is shown that moth traps furnish 
valuable information which may be utilized in the spraying program. The im- 
portance of reducing codling moth population by supplementary control measures in 
severely infested orchards is emphasized. 

During the past three seasons, 1930 to 1932, inclusive, the writer has 
conducted control experiments on codling moth near Fennville, Michi- 
gan. L. J. Gentner, formerly of the Department of Entomology, 
Michigan State College, conducted similar experiments in this region 


1Journal Article No. 142 (n. s.) from the Mich. Agr. Exp. Sta. 
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during 1928-29. Reports on three years’ experiments in this region 
have appeared elsewhere.? This report covers the years 1930-32, inclu- 
sive, and includes only the writer’s experiments. 

Weather conditions of the past three seasons have accentuated the 
increase of codling moth in Michigan. There have been unusual periods 
of high temperature, as well as long periods of dry weather throughout 
these three seasons. There are many semi-deserted orchards in the 
Fennville district, as well as many old bearing trees, in which the control 
of codling moth has become a serious problem. In such orchards the 
insect finds excellent opportunities for passing the winter safely. There 
are also packing houses and cider mills in the vicinity, both of which 
have contributed towards building up the codling moth population. 

The experiments reported were undertaken with the following objec- 
tives in mind: 

1. To formulate a spraying program that would most satisfactorily 
meet conditions in the Fennville region. 

2. To test as many insecticides as time and labor would permit in an 
attempt to find a satisfactory substitute for arsenate of lead that would 
eliminate washing the fruit. 

3. To determine what degree of control might be secured with the 
standard lead arsenate sprays, because many of the growers were be- 
ginning to believe that the lead arsenate sprays were not as effective 
as they had been in the past. 

4. To test bait pan traps as indicators of moth activity in the orchard 
and to observe their value in timing the cover and second brood sprays. 

5. To determine the effect scraping and banding the trees has in 
reducing codling moth population. 

EQUIPMENT AND Metuops.—During the early part of 1930, sprays 
were applied with a team-drawn power sprayer. This outfit was badly 
worn and many delays were caused by break-downs. In August, 1930, 
the College purchased a Bean power sprayer, mounted on a truck. 
This machine has been used for applying all sprays since that date. 
The trees were sprayed both from the ground and tank in order to ob- 
tain as thorough coverage as possible. When spraying from the tank, 
multi-nozzled spray guns were usually employed, but single-nozzled 
spray guns were used when spraying from the ground, as well as from 
the inside of the trees. The writer sprayed all plats himself. 

MATERIALS TESTED IN EXPERIMENTS.—Three materials have so far 
indicated that they may be used with success for controlling codling 


*Journal of Economic Entomology, Vol. 24, October, 1931. Mich. Agr. Exp. Sta., 
Special Bul. 221, 1932. 
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moth. These materials are arsenate of lead, two per cent summer oil 
emulsions, and one per cent summer oil emulsions with three-fourths of 
a pint of nicotine sulphate in one hundred gallons of spray. These 
materials will be considered in this report by presenting the results in 
tabular form. 

ARSENATE OF LEAD Sprays.—Within the past five years many growers 
in southwestern Michigan have complained that the lead arsenate 
sprays were not affording satisfactory control. With these complaints 
in mind, tests with lead arsenate sprays were conducted each year. One 
plat was sprayed as was indicated in the college Spraying Calendar and 
the other plats were sprayed more often when the occasion demanded. 
The following figures, presented in tabular form, show the best control 
obtained each year with arsenate of lead sprays. 

With Jonathans the control has been fairly satisfactory yearly, but 
improved markedly during 1931 and ’32. The writer did not spray 
Hubbardstons or Wolf Rivers with arsenate of lead sprays during the 
season of 1930, but during these seasons observed the results obtained 
by the grower, who sprayed these varieties with arsenate of lead sprays. 
The Wolf Rivers yielded only about fifteen per cent of uninjured fruit, 
while the Hubbardstons yielded about twenty per cent of uninjured 
fruit. Samples tested for arsenical residue, on all plats which had re- 
ceived arsenate of lead sprays throughout the season, exceeded the 
tolerance. The spraying program on the plats during the 1931 and 1932 
seasons was practically the same. In each of these years, the plats 
received two more sprays than during the 1930 season. This was be- 
cause it was found necessary to include one more cover spray during 
late July and as well a third spray for the summer brood. It should be 
mentioned here that before the 1931 season, all Jonathan and Wolf 
River trees in the orchard were scraped and banded. The Hubbard- 
stons were scraped and banded before the 1932 season. During the 1931 
and,’32 seasons, bait pan moth traps were employed as indicators for 
timing the cover and summer brood sprays. It is believed that the 
supplementary measures, rather than the changes in the spraying pro- 
gram deserve credit for the improved control during 1931 and’32. The 
basis for this belief is the fact that there was a greatly improved control 
in 1932 over that of 1931, during which time the spraying program re- 
mained the same. 

SuMMER O1L-NIcoTINE SULPHATE CoMBINATIONS.—(Summer Oil 1% 
Black Leaf 40 34 pint in 100 gallons). This combination has been tested 
during the past three years in the orchard containing the plats reported 
in Table 1. The plats reported in Table 2 received the regular lead 
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arsenate sprays for the calyx and first brood cover sprays, but the oil- 
nicotine sulphate combination was substituted for the summer brood 
sprays. The control shown in Table 2 should furnish a fair basis for 
the comparison of this combination spray with the sprays of lead arse- 
nate as shown in Table 1. 

The figures in Table 2 show, in the same manner as those in Table 1, 
that control has improved during the three-year period. However, 
when comparing the control secured in the oil-nicotine sulphate plats 
with the control secured in the lead arsenate plats, it should be ex- 
plained that during the 1931-32 season the oil-nicotine sulphate plats 
received four summer brood sprays, while the arsenate of lead plats 
received only three sprays over the same period. 

SuMMER O11 Emutsions.—(2 gallonsin 100 gallons of spray). Summer 
oil emulsions have been tested the past three seasons, as substitutes for 
lead arsenate in the summer brood sprays. The results of these tests 
are given in Table 3 below. These tests were conducted in the orchards 
that included the plats reported in Tables 1 and 2. 

Table 3, as Tables 1 and 2, shows that a very good control was se- 
cured during the 1932 season on Jonathans and a highly improved 
control is shown on Wolf Rivers and Hubbardstons. 

A prospectus of the data presented shows a greatly improved control 
in 1932 over that of 1931, during which years the spray applications were 
practically the same. We are convinced that the improved control was 
due largely to the supplementary measures, which included scraping 
and banding and the use of moth traps for timing sprays. 

It is also definitely shown that lead arsenate sprays are proving 
successful under conditions of severe codling moth infestation in Michi- 
gan, and that the oil-nicotine sulphate combination and summer oil 
emulsion sprays give a very satisfactory control, although more applica- 
tions appear to be necessary when these sprays are used, thereby in- 
creasing the cost. This cost is partly offset, in many cases, by the fact 
that the apples receiving these sprays may escape the necessity for 
washing. This, however, does not always follow, since in some cases 
there has been sufficient residue on the apples from the early arsenical 
sprays to necessitate its removal. The plats included in these tables do 
not represent all of our tests, but we believe that they represent a fair 
comparison, at least of these three materials, in a heavily-infested 
Michigan orchard. 

In addition to these materials, the following sprays have been tested, 
in the same orchard, but have failed to approach lead arsenate in effec- 
tiveness: (1) Paris green, used through the season; (2) Paris green, 
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used for the summer brood sprays only; (3) White oil and pyrethrum, 
used throughout the season; (5) Cryolite, used for summer brood 
sprays only; (6) Nicotine sulphate and tannic acid, used for the sum- 
mer brood sprays only. Barium fluosilicate, four pounds, with one 
quart of summer oil in each hundred gallons of spray, used as a sticker, 
was tested on one plat of Jonathans (1932) that produced 91.4 per cent 
of uninjured fruit. It is expected that this material will be given a 
more complete trial during the next season. 

Tue Use or Motu Traps For TIMING Spray APPLICATIONS.— For the 
past two seasons we have used a number of moth traps in our plats, and 
have kept daily records of the number of moths captured in them. 
These records have shown clearly that there were certain periods of 
heavy moth flight in the orchard. They have also shown that the sum- 
mer brood moths may continue their activity later some years than on 
other years. This means that a variable number of sprays may be 
necessary, from year to year, for the summer brood, depending on the 
duration of moth flight. It appears from our observations that time 
and trouble expended in caring for several of these moth traps may repay 
a grower many times by permitting an accurate timing of cover sprays 
and by giving warning of late flights of moths or by preventing a useless 
spray application after moth flight has ceased. 

SCRAPING AND Banp1nGc.—Following the poor control obtained during 
the 1931 season, the attempt was made to reduce the population of 
codling moth in the orchard by scraping the trees and banding them 
with chemically treated (Beta naphthol) cardboard bands. To obtain 
data revealing the number of larvae passing the winter on the trees, the 
following observations were made. In the fall of 1930 five Wolf River 
trees were scraped and banded with burlap sacks to determine how 
many codling moth larvae might be hibernating on the trees. In the 
spring these bands were removed and the larvae counted. This was 
repeated in 1932, except that chemically treated bands were used to 
capture the larvae. The number of larvae captured each year was as 
follows: 

Live larvae 

1931 1932 

267 87 
64 
76 
47 


56 





330 
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The five trees were selected at random in the orchard and indicate the 
number of larvae entering hibernation on the trees. It is seen from the 
above figures that the larvae were reduced in 1932 to less than one- 
fourth the number present in 1931. 

To determine the number of larvae that were passing the winter on 
the trees under natural conditions, five Jonathan trees were selected 
at random and were carefully scraped and examined. The number of 
larvae on each tree and the position from which they were taken is 
shown in Table 4. 


TABLE 4. CopLING Motu LARVAE PAssING WINTER ON TREES. Du VALL ORCHARD, 
FENNVILLE, MICHIGAN, 1931 


Below Above 
crotch Crotch crotch Total 


38 
46 
61 
26 


Total, 5 trees. 


Table 4 indicates the number of larvae that had passed the winter 
beneath the bark on the trees. These larvae escaped all natural enemies 
and most of them would have emerged as moths later in the spring. 
Only one tree (No. 5 in Table 4) was examined in this manner during 
the 1932 season, and only ten larvae were found; 82 larvae were removed 
from this tree in 1931. Six of these larvae were above the crotch, one 
in the crotch, and three below the crotch. More larvae passed the 
winter on the five trees beneath the burlap bands, because they secured 
protection from woodpeckers and some of their other natural enemies. 
That many orchards in the Fennville District are even more heavily 
infested than this seems certain from the records of our catches in moth 
traps. 


SUMMARY 


1. Weather conditions have so favored the increase of codling moth 
population in some Michigan orchards that control has become a serious 
problem. 

2. Three materials: Lead arsenate, summer oil-nicotine sulphate 
combination, and two per cent summer oil emulsions, have given good 
control in heavily infested orchards. | 

3. An excessive arsenical residue, which must be removed from the 
fruit, followed successful control with lead arsenate sprays. 








392 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 26 


4. With few exceptions, when non-arsenicals were used in the summer 
brood sprays, the arsenical residue was within the limits of tolerance. 

5. Bait pan moth traps were found valuable for timing cover sprays 
and for determining the necessary number of summer brood sprays. 

6. Although a heavy spraying schedule was followed with all of the 
materials tested, satisfactory control was obtained only after the codling 
moth population was materially reduced by scraping and banding the 
trees. 


Dr. B. F. Driccers: I should like to ask Dr. Hutson if he had a 
block sprayed the same as the banded and scraped block, that did not 
have the trees banded and scraped. What was the infestation in this 
block? 


Dr. Hutson: This was conducted in an orchard, the plots taking up 
the entire orchard. The orchard beside it, with nothing more between 
them than a ditch, was sprayed with the standard lead arsenate treat- 
ment and was not scraped and banded. In that orchard, the infestation, 
the wormy fruit, worms and stings combined, ran from 35 to 40 per 
cent. 


THE TECHNIQUE OF CODLING MOTH FIELD 
EXPERIMENTS 


By C. R, Cutrricat and H. F. Dietz, Wooster, Ohio 


ABSTRACT 


In this paper the principles that should govern the planning of any codling moth 
(Carpocapsa pomonella) field experiment are discussed in detail. The proper size of 
the plot and the arrangement of the plots in randomized blocks is considered as being 
of major importance. The equipment necessary for handling efficiently such an ex- 
periment is discussed together with methods of sampling, data collection, and final 
analysis of data. It is considered that the importance of the field experiment warrants 
its greater usage in the future. 


The term “‘technique’”’, which usually implies the manual handling of 
an experiment or operation, may easily be extended to include prelimi- 
nary arrangements, the conduct of the experiment, and the final collect- 
ing and analysis of data. In this paper the more inclusive meaning is 
used. 

The barriers to successful field experimentation with codling moth 
are many. They present themselves in the earliest preliminaries, con- 
tinue during the entire life of the experiment, and, if anything, increase 
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their numbers during the collecting and analysis of field data. - So 
numerous are these difficulties that workers have, in many instances, 
taken their problems into the laboratory, hoping in this way to escape 
some of them. In this manner much progress has been made, but the 
fact remains that the field experiment is the final court in which the 
ultimate value of any idea, material, or system is proven. The writers 
believe in the field experiment despite the difficulties inherent in it. 
Our findings have been of great interest to us, and we believe that many 
of the inherent difficulties can be overcome. 

The first mistake in codling moth experimentation to be avoided is 
that of considering seriously data from plots in an orchard serving its 
first year of experimental use. The entomologists should “know his 
orchard,’’ and such knowledge is gained only after 1 or 2 years of experi- 
ence init. By such knowledge we mean that one should acquire: Ist, a 
good general idea of the infestation as it exists in different sections of 
the orchard; 2nd, an idea of crop yields and conditions in the orchard as 
a whole; and, 3rd, some conception of what to expect in individual tree 
infestation. It is only when one has these points in mind that an intelli- 
gent analysis of the data can be made. 

The great variability in infestation existing between adjacent trees, 
even though these were of the same variety, age, size, crop yield, and 
spray treatment, was recognized by workers with codling moth many 
years ago. The large plot was proposed and used to offset this difficulty. 
Size of plot was considered to be essential to accuracy, and, for this 
reason, there are records from plots of overan acre of trees being used as a 
unit. Such use of large plots creates very serious difficulties as can be 
seen by considering the following points: First, with large plots accurate 
comparisons are made more difficult because of possibly greater vari- 
ability in soil types and topography, these being reflected in different 
rates of infestation. Second, despite possible variation between adja- 
cent trees, the fact remains that increasing the distance between units 
to be compared also increases the possible chances for variation. Third, 
large plots demand a tremendous amount of labor, not only in the 
application of sprays throughout the season but also in the final collec- 
tion of data. If the large plot is used, it is done at the expense of the 
necessary replications; this frequently impairs the value of the data 
collected. Fourth, the use of large plots demands large orchards uniform 
as to variety, age, size, soil type, topography, and crop prospect. The 
difficulty of securing such an orchard for experimental use can be ap- 
preciated only by one who has tried to secure one. Fifth, for various 
reasons which we will not attempt to discuss here, there are always 
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areas of varying infestation to be found in orchards of any size. A 
large plot will frequently cover areas of either high or low injury, and 
the material being used is thereby given a false value. Variation that 
may occur due to position is illustrated in the following table: 


TABLE 1. LARGE PLots TREATED ALIKE COMPARED WITH LARGE PLots TREATED 
DIFFERENTLY 


Max. 
Per cent infestation var. 
lst Example 
Same spray treatment, 1932.... 25.8 16.1 164 186 13.5 12.1 104 15.4 
Different spray treatment, 1932 9.5 113 14.2 19.6 145 13.3 10.1 
2nd Example 
Same spray treatment, 1932.... 48.2 41.6 33.6 36.1 42.9 14.6 
Different spray treatment, 1931 34.6 24.0 23.1 30.9 22.4 12.2 
3rd Example 
Same spray treatment, 1932.... 42.8 47.1 32.1 24.5 29.2 18.3 
Different spray treatment, 1930 21.4 24.7 27.6 17.3 24.6 10.3 


In the first example, there are seven large plots, averaging over 15 
trees each, that were similarly treated throughout the season. Seven 
trees from each plot were sampled to secure the data that appear in the 
first horizontal column. In the column immediately below are shown 
the per cent of infestation on a series of trees treated with different 
materials. As with the preceding series, seven trees were sampled to 
secure each figure. In the first series, the difference due to position is 
15.4, whereas in the second series the difference between materials is 10.1. 
No relationship or correlation exists or is intended in the vertical 
columns. Under Example 2 there is a similar set of data, except that 
the figures from similarly treated plots were taken in 1932 while those 
from plots treated with different materials were secured in 1931. The 
plots of 1932 occupied identically the same ground as the plots of 1931, 
and the data were taken in the same manner; therefore, a relationship 
exists in the vertical columns. Example 3 shows another set of data 
identical with Example 2, except that a space of 2 years separates the 
collection of data. Only a brief study of this table is needed to convince 
one of the futility of control data collected from large plots without 
proper replication. 

Over 300 trees were used in obtaining the data shown in Table 1. In 
Table 2, only 34 trees, or one-tenth of the number given in the large- 
block method, were used to determine the relative efficiency of two 
different materials. The replications were placed at three different 
points in Ohio. In one locality seven replications were used, and in the 
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other two localities five replications were used in each. A study of 
these data and their statistical analysis shows conclusively that Material 
A was superior to Material B. Thus, at approximately one-tenth the 
labor and expense, we have obtained definite and conclusive results 
which were not secured from the large plot experiments. 


TABLE 2. A COMPARISON OF Two SPRAY MATERIALS USED IN THE ONE-TREE-PLOT 


SYSTEM 

Wt 
Per cent infestation, 1932 M. 

lst Example 
ES on racdewe deh wees 9.0 656.7 11.1 2.1 §.8 12.4 11.2 9.5 
iirc wk ne 4 des cman 26.2 30.1 128 21.5 166 13.4 10.9 19.6 

2nd Example 
MaterialA............... . 40.7 47.7 340 15.0 21.4 32.5 
Material B..... weer ye 50.3 72.5 37.1 31.8 365.4 39.3 
3rd Example Ar.M. 
Ee 49.7 27.6 243 40.0 33.2 35.0 
re 57.0 443 443 38.1 46.6 46.1 


A comparison of Tables 1 and 2 indicates the following advantages 
for the small-plot or one-tree-plot experiments: 

(1) The necessary replications for the securing of accurate data are 
obtained at a minimum of expenditure of time and labor. Replications 
serve two definite purposes—(a) the error to which field results are sub- 
ject is diminished, and (b) an estimate of the error is obtained which 
can be secured in no other way. An experiment without replications 
yields an isolated figure unsupported by others whose relationship is 
known through the estimate of error. 

(2) Such disadvantages of the large-plot experiment as the influence 
of topography, difference in soil, difference in infestation, and difference 
in yield are avoided. 

(3) Orchards containing badly mixed varieties, vacant spaces, and 
trees of different ages and unequal crop prospects may be utilized. 

(4) Through the use of small or of single-tree plots, the experiments 
can be much more easily and definitely arranged to permit the applica- 
tion of tests of significance in the final analysis of data. 

This implies that the investigator has in mind the use to which his 
data will be applied, even before the experiments are begun. 

The greatest disadvantage in the use of small plots lies in the mechan- 
ical application of the spray to the tree. Spray’drift must be avoided. 
Two years’ experience with this method shows that the avoidance of 
spray drift is not a particularly difficult matter. 

Small plots necessitate considerably more driving through the orchard 
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than do large ones, but, since the total size of the experiments is mate- 
rially decreased, this extra driving becomes a negligible factor. 

An ob‘ection that has been raised against the small or one-tree 
plots isthat moth migration from a possibly heavily infested plot may 
alter the results after the regular spray schedule has been applied. 
However, the experience of 2 years with heavily infested check trees 
distributed among treated blocks shows that this migration is not an 
important factor where a good or efficient protective material has been 
used. 

The late Anthony Spuler has been quoted as saying “that every 
individual tree maintains its own individual rate of infestation even 
from year to year.”” Our own experience gives considerable evidence 
of the accuracy of this statement. 

As previously indicated, a satisfactory arrangement is greatly facili- 
tated by the use of small plots. There are several possible arrangements 
from which the data can be readily analyzed. It is probable that the 
best of these is the randomized block, as shown in Fig. 33. Here we have 
three treatments with six replications each. In each of the six blocks 
each treatment appears once, the position of which is selected at ran- 
dom. The data from such an arrangement can be subjected to analysis 
of variance and co-variance, which are among the most satisfactory 
types of statistical study. 

THE MECHANICAL HANDLING oF EXPERIMENTS.—Good equipment of 
a particular type is essential to the handling of such arrangements as we 
have described. It has been found that a sprayer with a calibrated tank 
of 100 to 150 gallon capacity answers this purpose very satisfactorily. 
The outfit should be motorized in order to facilitate rapid movement 
between blocks. A spray gun is the most desirable applicator because it 
allows accurate placement of spray, is not burdensome, and may be 
used in light breezes without serious drift. 

Thoroughness of application is essential to good control, since the 
tree as a whole is under test. Hence, it is obvious that the tree should be 
undersprayed, as well as covered from the outside. Underspraying also 
has the advantage of avoiding considerable drift. 

SAMPLING.—- Though satisfactory analysis of data depends on the 
accuracy of the samples taken, sampling in itself is a process not to be 
confused with analysis. 

In codling moth experiments, where the volume of the crop prevents 
its inspection in entirety, the sampling is done by selecting a portion of 
the fruit borne by the tree. This fruit falls into two large classes; namely 
the drops and the picked fruit or picks. 
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Obviously, both classes must be sampled in order that the following 
relationships between the classes can be determined and a final figure 
obtained which represents the condition of the whole. We must know 
the relation of the sample of the drops to the total drops, to the picked 


fa] 
RANDOMIZED BLOCK (&) [2] 
EXPERIMENT (a) 
WOOSTER,O.1932 (@ (3) 
3 TREATMENTS 













6 REPLICATES 





STAYMAN - BUSS 


Fic. 33.—Layout of randomized block experiment, Wooster, Ohio, 1932. 


fruit sample, to the total picked fruit, and to the total crop (which 
includes all drops and picked fruit). A similar relationship must be 
determined for the picked fruit sample. 

This is shown in part by the following table, the primary purpose of 
which is to bring out the influence of the drop count on the total infesta- 
tion under varying intensities of codling moth population. 

Since apples are constantly falling from the trees throughout the 
season we adopted the practice of beginning our drop counts as soon as 
the differentiating influence of the spray treatments was expected to be 
evident. Thus, if the spray differentiation started early in the season, 
the counts were started about the middle of July and continued at 
definite intervals, usually 10 days to 2 weeks, until picking time. Ob- 
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viously, where spray differentiation did not begin until later in the sea- 
son, the beginning of drop counts was correspondingly delayed. In 
practically all experiments that have been conducted to date, all drops 
have been counted and scored. 


TABLE 3. INFLUENCE OF Drop Count ON FINAL RESULTS 


Per cent Per cent Per cent 

injury on injury on injury on 
drops picks total crop 
31.0 28.1 28.2 
48.4 25.9 34.5 
60.6 31.5 43.3 
82.4 44.8 60.0 


The method of recording the drop count and scoring as it is obtained 
throughout the season is shown by Fig. 34. This method has the advan- 
tage of permitting a tentative analysis of the data at any time during the 
course of the experiment. 

The method of sampling the picked fruits has been as follows: In 
most instances the crop of picked fruit is too large to be scored in its 
entirety. Therefore, it has been necessary to select a representative 
sample from the tree. Representative and proportionate numbers of 
fruits from the top, middle, and lower portion of all sides of the tree 
must be taken. This may be done by picking vertical sectors from 
various sides of the tree or by taking random samples from all parts 
and sides of the tree. This work can be done by unskilled labor under 
proper instruction and supervision. It is highly important to have an 
accurate estimate of the total number of fruits borne by the tree. 
This is secured by counting the sample into bushel lots. The average 
number of fruits per bushel is thus obtained and the total number of 
bushels borne by the tree is multiplied by it. An experimental count by 
this method shows that it is very accurate. 

The selection of samples of picked fruit from random crates on the 
ground has proved to be an unsatisfactory method of sampling a crop. 

All scoring is done in the orchard immediately after the fruit has been 
picked from the tree. This is perhaps the most simple and accurate 
method, since any possible confusion arising from transportation to a 
central counting point is avoided. 

In all experiments that have been conducted to date, from 20 to 100 
per cent of all fruit borne by the tree has been counted. 

The scoring crew consists of three men. Two of them are equipped 
with automatic hand counters and score the fruit, counting each individ- 
ual apple as handled. The injuries are called aloud to the third member, 
who records them on a battery of automatic counters. At the comple- 
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in all experimental work to date. 
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The method of counting all individual entrances and stings, recording 
them separately, and then combining them to obtain one representative 
figure is undoubtedly the most nearly accurate method, but it has the 
disadvantage of slowing down the counting appreciably. 

In Table 4 is shown a comparison obtained by using the last two sys- 
tems. It will be noted that the recording of all individual injuries is the 
more critical method, since it creates a final difference of greater magni- 
tude than when fruits bearing both types of injury are combined and 
counted asa unit. It will be noted, however, that the actual difference 
between treatments is definitely established by Method 6. 


TABLE 4. COMPARISON OF Two METHODs oF SCORING INJURIES 


No. fruits | Per cent fruits Per cent Per cent 
examined injured by entrances entrances increase 


523 6.1 8.4 37 
568 12.1 18.1 50 
397 32.2 52.7 .63 


Where time permits, it is desirable to make the individual injury the 
unit for scoring because of the greater differentiation of the resuits 
obtained. If time is short, this greater differentiation is offset by using 
the injured fruit as the unit because of the inclusion in the final count of 
a much larger number. 

When all data have been collected in the field they are assembled in 
the office in the manner shown in Fig.35. The data from each individual 
unit serving as a plot, whether a single tree or a group of trees, are 
collected on the sheet as shown. This includes each individual tree-drop 
count, the record at harvest time, and other data essential to the experi- 
ment. It has the advantage that the data are in such form that they can 
be readily taken from the sheet and analyzed. Where single-tree plots 
are used, these data sheets give a record of the performance of any 
individual tree from year to year. 

ConcLusion.—Three seasons’ experience with codling moth field 
control experiments, in which the results obtained from large plots were 
compared with those obtained from replicated single-tree or small plots, 
shows a decided advantage for the latter system. Not only does the 
small plot save time and labor, but it has the greater advantages of 
permitting the increased use of replications, desirable plot arrangements, 
and a more complete collection and analysis of pertinent data, which 
are precluded by the use of large plots. Furthermore, it would seem that 
this, or a similar system, if adopted by codling moth investigators in 
widely separated regions, would be a great aid in securing data which 
would be directly comparable. The details of such a system need not 
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necessarily follow those outlined in this paper as these have been given 
largely for illustrative purposes. 
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Fic. 35.—Sample data sheet showing a complete season’s record for a tree used in 
codling moth work. 


Dr. C. C. Hamitton: I should like to ask Dr. Cutright if in the first 
charts where he had his series of blocks across the field sprayed with the 
same material one year, and then the same plots sprayed with different 
material the second year, whether he noticed any correlation between 
the plots, whether the same blocks were high the second year, and 
whether the low plots were low the second year, compared with the first. 


Dr. Cutricnt: If we had had the slides on a little bit longer for study, 
you would have seen it. 
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METHODS OF BREEDING TRICHOGRAMMA IN 
CONNECTICUT 


By Joun C. ScHREAD 


ABSTRACT 


Rearing Angoumois grain moths (S#totroga cerealella) on wheat in 24 separate cages 
has been more satisfactory than when corn was used. Eight times as many eggs 
were obtained from wheat moths than from corn moths. Moth extraction is ac- 
complished by a forced draft of air. The parasites are reared in watchglasses in an 
incubator with the aid of underneath light. 


The Angoumois grain moth, a common laboratory host for Tricho- 
gramma is reared at the Connecticut Station on red winter wheat. 
Twenty-four separate cages of the type shown in Plate 17 are employed. 
Multiplication is very rapid and with our system much greater than 
when corn is used. For example, a comparative study of wheat and corn 
in our laboratory indicates that (1) moths begin to emerge sooner from 
wheat than from corn. (2) the number of moths obtained is far greater 
in both the first and succeeding generations. (3) there are nearly eight 
times as many eggs obtained from wheat bred moths because of greater 
numbers. It has been argued that corn bred moths are larger. This is 
true, but the eggs laid by moths from wheat are only .007 mm. less in 


length and .0OS mm. less in greatest diameter than eggs obtained from 
corn bred stock. On the other hand the average number obtained from 
wheat stock in our experiments was 14 per female, whereas only 13 were 
obtained from corn bred females. Obviously, much greater egg yields 
may be expected from wheat than from corn. (Table 1). 


TABLE | 
Corn Wheat 

Extraction No. moths No. eggs No. moths No. eggs 
1,848 6,283 9,000 90,625 

1,000 11,595 65,250 

920 5,780 28,143 

385 2,515 , 25,550 

693 4,342 , 30,712 


Totals ; 4,846 30,515 33,130 240,280 


Note—6.8 times as many moths from wheat as from corn; 7.8 times as many eggs 
from wheat moths as from corn moths. Figures arrived at by weight of represen- 
tative samples. 


Grain moth rearing cages used at the Connecticut State Station were 
modeled, with various improvements, after those formerly used at the 
Federal Corn Borer Station, Arlington, Mass. Each cage is composed of 
a rearing compartment 14 inches by 26 inches by 14 inches and an ex- 
tracting compartment 10 inches by 26 inches by 14 inches. The frames 





we 


Plate 17 


Carriage with cages for breeding Angoumois grain moths. The trays are filled with 


wheat and the whole outfit is kept in a room at 80° to &5°F. and a very high 
humidity until the moths emerge. The empty compartment at the left acts as a 


reservoir where the moths are collected before being blown out through the funnel. 
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are 1 inch by % inch white pine with dovetailed corners, glued and rein- 
forced with screws. The bottom and top of each frame is covered on the 
inside with one-cross bright tin and the back and one side with 30 mesh 
copper netting tacked on the outside. The compartments are fastened 
together with 3/16 inch stove bolts. The rearing compartment contains 
12 trays with a 5/16 inch aperture between each for moth extraction. 
The bottom of the trays are of 1/8 inch masonite, and cleats tacked to 
the underside of the trays prevent them from sliding. The front of the 
rearing compartment is enclosed by a 30 mesh copper netting door fas- 
tened by stove bolts. A funnel made by molding a sheet of tin extends 
from the front of the extracting compartment. The top of the funnel 
is made of celluloid tacked and reinforced with celluloid cement. The 
cages are stacked three high on carriages made from 2 % inch white 
pine fastened with 5 inch lag screws and fitted with roller-bearing casters. 
During the first season of grain moth rearing 4% pounds of wheat 
were used per tray. However, later experience showed 3% pounds 
per tray to be more satisfactory for with this amount more moths were 
obtained and there was less unused grain at the end of the season. 


TABLE 2. RESULTS OF THREE SEASONS OF ANGOUMOIS GRAIN MoTH REARING 


Period of produc- Bushels of Per cent of kernels Seasonal egg 

Season tion in months wheat used that produced moths production 
1930 11 16 73 18,640,000 
1931 9 22.9 75 28,698,000 
1932 8 17.8 92 38,972,000 


Grain moth cages with traps of wheat are sterilized in our rearing 
room for two days by means of gas stoves at a temperature of 140° F. to 
160° F. The rearing room in the basement of the laboratory building is 
10 feet by 14% feet by 9 feet with one window, cement side walls and 
ceiling, and concrete floor. It is heated by steam pipes and humidified 
by wetting the floor. After sterilizing, the room is maintained at rearing 
conditions of 80-85° F.: and 60-70 per cent humidity for one week 
previous to inoculating the wheat with 60,000 grain moth eggs per cage. 
It is advisable to use unrefrigerated moth eggs as low temperatures 
destroy the embryo. 

Rearing progresses for two months before live moths are extracted. 
At frequent intervals, however, the dead moths are removed as they are 
directly responsible for the rapid multiplication of Gamasid mites. Live 
moths for egg production are extracted directly into oviposition cans 
which are fastened to the end of the funnels. Oviposition cans are made 
by replacing the bottom of coffee cans with 30 mesh No. 36 light strainer 
cloth. A corked hole in the lid of each can serves for the admittance 
of the moths and three % inch stilts soldered to the lower edge of the can 
serve for it to stand on during grain moth egg deposition. 
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Moths are extracted from the cages by means of a strong draft of air 
from a portable blower. The air is directed from the side of the rearing 
compartment into the apertures between the trays, thus forcing the 
moths into the extracting compartment, from whence they are blown by 
directing the draft of air from the rear of the compartment through the 
funnel into the oviposition can. Each can receives not more than % 
inch to % inch of moths. Cans of moths are kept on tin trays in an 80° 
incubator and once in 24 hours for three days they are tapped and 
shaken gently to dislodge the eggs that do not fall through the 30 mesh 
strainer cloth onto the trays. Eggs are cleaned of foreign material by 
blowing a gentle draft of air over their surfaces. Mites may be removed 
by bouncing the eggs from one moderately rough cardboard to another 
to which the mites adhere. Eggs for parasitism are fastened with white 
shellac to one 7/8 inch cardboard disks, 8,000—9,000 eggs per disk. 
While awaiting parasitism, the egg cards are refrigerated at 38° F. and 
60 per cent humidity. 

Bevelled Syracuse watch-glasses (2% inch) ground together in pairs 
are used as Trichogramma oviposition units. Stock cards of grain moth 
eggs are divided into sections, inserted in the watch-glasses and placed 
in a dark incubator. When the parasites begin to emerge the watch- 
glasses are exposed to light from below in a specially constructed incuba- 
tor where they complete emergence in a few hours. The egg cards are 
exposed to the parasites with the egg surface of the card down, in 
contact with the bottom of the watch-glass where they receive com- 
plete illumination. Egg cards are left with the parasites for 3-4 days 
before they are removed to refrigeration or to the field. 

The parasite incubator, is constructed of celotex with a four sectioned 
doubled glass bottom. Electric bulbs thermostatically controlled, pro- 
vide heat and a pan of water directly below the bulbs conditions the 
humidity. A six inch fan maintains a constant circulation of air and 
uniform conditions of 80° F. and 70 per cent humidity through the 
incubator. Theincubator is raised on four 16-inch legs allowing ample 
space below for eight 25 W. daylight bulbs, which provide sufficient 
light for the parasites. Each of the four glass sections in the bottom of 
the incubator accommodates 24 watch-glasses. Four extra shelves 
placed above these, doubles the area, thus making it possible to rear over 
one and one-half million Trichogramma at one time. 


TABLE 3. YEARLY TRICHOGRAMMA PRODUCTION 
Re re Se PREC tee mee) © nay ae Se ee ee ee 16,216,000 
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April, '33] WORTHLEY & STOCKWELL: JAPANESE BEETLE STATUS 405 
ECONOMIC STATUS OF THE JAPANESE BEETLE IN 1932 


By L. H. WorTuHiey and C. W. STocKWwELL, Bureau of Plant Quarantine, U. S. 
Department of Agriculture, South Norwalk, Conn. 


ABSTRACT 


In 1932 the Japanese beetle (Popillia japonica) probably caused greater destruction 
of fruit and produce crops than in any year since its discovery in 1916. A larger 
number of classified nurseries disclosed infestations than during 1931. Traps dis- 
tributed in cities and towns outside known infested territory resulted in discovery of a 
large number of first record infestations at points more remote from the densely 
infested zone than any heretofore found infested. This does not necessarily indicate a 
greater spread of the insect in 1932 than in any previous year, but demonstrates that 
scouting with traps is more efficient than visual scouting by temporarily employed 
scouts. Survey of southern New Jersey, southeastern Pennsylvania and northern 
Delaware sections most heavily infested by the beetle disclosed that from 75 to 100 
per cent defoliation of preferred food plants took place over an area of 1,647 square 
miles, that foliage damage of from 50 to 75 per cent was evident in 1,378 square miles, 
and that evidence of at least 25 per cent foliage injury was observed over an ad- 
ditional area of 1,353 square miles. 


Comparative observations made in sections densely infested with the 
Japanese beetle indicate that the insect this year probably caused greater 
destruction of fruit and produce crops than in any year since its original 
discovery in 1916. Increase in the extent of infestation in the zones of 


dense beetle population is also reflected in the increased number of 
classified nurseries on which, or within close proximity to which, Japa- 
nese beetles were found. In 1931 beetles were found on or near the 
premises of 126 nursery establishments. Similar initial infestations 
were discovered during the past summer at 163 classified nursery estab- 
lishments. For the past several years adult beetles have been known 
to cause considerable commercial damage to cut flowers grown through- 
out the winter and spring months in greenhouses in the Philadelphia 
zone. During the past winter and spring, these adults were found in 
greater numbers than in previous years. A few instances have also been 
noted of heavy concentrations of larvae in uncertified nursery plots 
destroying evergreen stock, thus compelling the poisoning with arsenate 
of lead of the nursery block to protect the stock. Such treatment has 
been entirely for plant protection rather than in compliance with 
quarantine requirements. Beetle population increases were sufficient 
in Long Island and Westchester County, N. Y., and the northeastern 
counties of New Jersey to arouse public interest and require the atten- 
tion of city foresters and park departments iri combating the insect. 
Adult beetle flights of noticeable proportions took place in sections of 
Wilmington, Dela. and Harrisburg, Penna. Beetle infestation in the 
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principal blueberry growing section of New Jersey was such that the 
grower’s association on their own initiative this year fumigated most of 
their production offered for sale during flight of the adult beetle. Through 
the County Agent of Burlington County, N. J. was reported for the 
first time heavy beetle damage to soybeans, requiring early harvesting 
of the crop to prevent entire destruction of the stand. 

This season’s field inspection work outside infested territory marked 
a new departure in the Department’s search for possible spread of the 
insect. Instead of organizing temporarily employed and hurriedly 
trained men into crews and assigning them to scout a large number of 
cities and towns, all field work to determine the present scope of the 
beetle outside the 51,339 square miles now under regulation was per- 
formed with traps developed at the Japanese Beetle Research Laboratory 
of the Bureau of Entomology. An initial supply of 35,000 traps was 
supplemented by a purchase of 21,000 additional traps. Bait in the 
quantity necessary for baiting the entire supply of traps was mixed at 
the South Norwalk headquarters early last spring. All used traps 
were reconditioned and repainted before being packed in cartons, each 
containing one dozen traps, and shipped in carload lots to trapping 
locations or to central points for redistribution to nearby cities. Trap- 
ping activities began on April 15, when traps were placed in Miami, 
Florida. Trap distribution in three Florida cities was completed by 
May 2. Supervisors then transferred to Georgia where they directed 
locally employed trap inspectors in establishing trap routes. Organiza- 
tion of the trapping program thus progressed northward as the antici- 
pated beetle emergence dates warranted trap placement. Spread 
determination by means of traps was under way during May in Georgia 
and North and South Carolina. Beginning in June, traps were placed 
in selected cities in Virginia, Maryland, West Virginia and Ohio. Dur- 
ing July trap distribution began in Pennsylvania, New York, Massachu- 
setts, New Hampshire and Michigan. Final placement of traps was 
made in Vermont and Maine during August. In all, 45,721 traps were 
used in determining absence or presence of beetles in non-regulated 
territory. The balance of the project’s supply was used in beetle popula- 
tion control measures in sparsely infested sections of the quarantined 
zone. Traps were operated for periods varying from 30 to 60 days in 
three cities each in Florida and Georgia, four cities in South Carolina, 
five cities in North Carolina, and three cities in West Virginia. In the 
unregulated portions of states already partially quarantined, traps were 
in operation in 32 towns and cities in Virginia, 35 communities in Mary- 
land, 50 localities in Pennsylvania, 43 localities in New York, and in 62 
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Massachusetts towns and cities. The New England trapping program 
was Carried on in six cities each in Maine, New Hampshire and Vermont. 
In the East North Central States, traps were placed in 13 Ohio cities, 
in Detroit, Mich., and Richmond, Ind. Selection of these 273 towns 
and cities as sites for trapping activities was made on the basis of their 
ranking as transportation centers, as possible destination points of 
illegally transported infested produce or nursery stock, or as population 
centers affording favorable environments for establishment of a few 
beetles accidentally carried from the zone of heavy infestation. 

First-record trap catches of beetles have been made outside the regu- 
lated area this season at Florence, S.C.; Durham, Raleigh and Winston- 
Salem, N. C.; 17 communities in Virginia; Charles Town, Martinsburg, 
and Wheeling, W. Va.; Canton, Steubenville, and Zanesville, Ohio; 
Detroit, Mich.; 21 locations in Maryland; 27 towns and cities in Penn- 
sylvania; 31 communities in Massachusetts; 21 towns and cities in New 
York; Concord, Dover, Keene, Manchester, Portsmouth and West 
Lebanon, N. H.; Bellows Falls, Brattleboro, Rutland, and White River 
Junction, Vt.; and Augusta, Kennebunk, and Portland, Me. In all, 
3658 beetles have been collected in the 143 towns and cities disclosing 
infestations in non-regulated territory; 117 of these infestations have 
been discovered in states already partially quarantined. Trapping was 
with negative results in Florida, Georgia and Indiana. Freedom from 
beetle infestation was also indicated in 123 cities scattered throughout 
the other states trapped. 

Discovery of such a large number of first-record infestations does not 
necessarily indicate a greater spread in 1932 than in any previous year 
but may be attributed to the increased efficiency of detecting by means 
of traps the presence of even a few adult beetles in a community isolated 
from the infested zone. Distribution of from 100 to 400 traps in a 
community over a period of from one to two months furnishes a more 
positive index than previously has been available of beetle conditions in 
a specific city. Surveys by scouts have in past years permitted usually 
only a single survey of individual premises. Although it is possible to 
cover by means of scouts much wider territory, the likelihood of finding 
any beetles present in a limited number of communities is much greater 
when traps are maintained over a minimum 30-day period. 

Beetles were recovered in sufficient numbers in 52 cities to assume the 
existence of established infestations of one or more year’s standing. 
Fewer than 10 beetles were collected at the rémaining 91 infestations. 
The locations in which these latter beetles were caught, the dates on 
which they were trapped, and the accompanying conditions of adult flight 
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in the densely infested zone point to the probability that many of these 
smaller finds are of the current year’s spread. Very likely similar move- 
ment of beetles in small numbers has taken place over the period of 
years since the Philadelphia section has been so densely infested. Adult 
mortality and the remote chance of only a few scattered adult beetles 
perpetuating themselves have kept infestation establishment at a 
minimum. However, some few beetles have succeeded in gaining a 
foothold at isolated points, but visual scouting has previously failed to 
disclose the limited infestations. Now for the first time traps are catch- 
ing beetles which, in probably 75% of the cities trapped, would under 
normal scouting conditions escape detection. 

It has not been possible at any of the isolated infestations to determine 
the exact manner by which the beetles were transported from an infesta- 
tion center. Indications as to the methods by which this spread has 
taken place are somewhat varied. Some of the infestations have been 
found in close proximity to freight or passenger terminals, indicating 
carriage of the insect in or on freight cars or passenger coaches. Other 
infestations in residential districts may trace back to adult beetles 
accidentally carried by private automobile or truck from the heavily 
infested area, or by means of grubs in nursery stock or adults in farm 
products shipped by common carriers or moved by automobile in ignor- 
ance of the quarantine restrictions. 

Initial steps were taken during the past year in a number of rather 
extensive control measures within the infested area. A demonstration 
was staged in Philadelphia to determine the feasibility of large scale beetle 
population reduction by means of traps placed on lead arsenate poisoned 
soil. Six vacant lots were used in this demonstration. In the fall of 
last year, the lots were plowed and harrowed, and lead arsenate applied at 
the rate of 1500 Ibs. per acre. Smartweed, a favored non-economic food 
plant of the beetle, was then seeded on the plots as a further attractant 
to the insect. During the period of adult flight, 476 traps were distri- 
buted among the six plots. Catches of over 13% million, or more than 
2800 Ibs. of beetles were made. Destruction of many larvae hatched 
on the plots is also assured by the poisoned soil. An extensive trapping 
program under State auspices was also carried on in the most densely 
infested section of southern New Jersey. In the farming district com- 
prising approximately 75 square miles surrounding Elmer, N. J., 2100 
State-owned traps were distributed to local farmers by Mr. Edgar G. 
Rex of the New Jersey Department of Agriculture. Mr. Rex’s report 
indicates that throughout the adult season a total of approximately 55% 
tons, or the equivalent of 804 fifty-gallon barrels of beetles were caught 
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and destroyed in Salem county. Cooperative trapping work with a 
number of states was also carried on within the regulated sections of 
Connecticut, Pennsylvania, Delaware, Maryland and Virginia. Numer- 
ous community spraying campaigns in heavily infested cities were again 
repeated this year. In addition, considerable spraying work was per- 
formed by private contractors in the environs of Philadelphia. Beetle 
collecting contests were also held by a number of garden clubs or local 
officials in newly infested territory. Application of lead arsenate in 
large quantities to lawns on infested estates in Philadelphia suburbs has 
come to be a common practice. 

A number of now quarantined isolated infestations discovered last 
year and subsequently treated with arsenate of lead were again trapped 
this summer. Finds in Little Falls, N. Y., where treatments were made 
in November, 1931, increased from 7 beetles last year to 23 beetles 
caught during the past trapping season. At Erie, Penna., trapping 
activities this year were supplemented with a frequently applied attrac- 
tive poisonous spray. Only a slight increase in the Erie infestation was 
detected, 282 beetles having been trapped this season as compared to a 
total of 163 caught in 1931. 

Extermination of an infestation of four beetles discovered during 1931 
in Charleston, S. C. is indicated by negative results of trapping activities 
in that city this year. Premises surrounding the Charleston infestation 
were treated with lead arsenate during November, 1931. At Watkins 
Glen, N. Y., where similar treatments were applied to premises on which 
were found three beetles last year, only a single specimen was trapped 
this year. Finds of 15 beetles in Richmond, Va. during 1931 increased 
to 88 this year. 

Road patrol operations began this year in April with the establishment 
of vehicular inspection posts in Virginia, Maryland, Pennsylvania and 
New York. Similar inspection work began in Massachusetts early in 
May. Posts were continued in Massachusetts and New York until the 
middle of June. Virginia, Maryland and Pennsylvania stations were 
continued until late in November. At the peak of the spring movement 
of quarantined articles there were 53 border patrols in operation for 
varying daily periods. During the present year 1,565,391 vehicles have 
been examined by the inspectors on guard at the boundary of the regu- 
lated zone. Contraband has been intercepted in 17,214 vehicles. From 
the uncertified material surrendered at the road stations 250 beetles in 
the adult, larval or pupal stage have been removed. Single shipments 
containing as many as 22 grubs were among the interceptions. 

Reduction in the number of classes of farm products under restriction 
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and enlargement of the New York regulated area, effective January 1, 
1932, considerably curtailed the amount of quarantined farm products 
and cut flowers shipped under certification. Despite the reduced quan- 
tity of articles offered for inspection during the seasonal quarantine, 
approximately 45,500 shipments of these articles moved from the regu- 
lated area under certification. Inspections were made at 67 inspection 
centers conveniently scattered throughout the regulated zone; 1843 
beetles were removed from articles presented for inspection. Ship- 
ments of certified farm produce and cut flowers during the past season 
moved to all the Southern and New England States, to many mid- 
western states, and in some instances as far as California. Conditions 
of infestation in southern New Jersey and in the vicinity of Baltimore 
necessitated considerable additional inspection of farm crops previously 
certified on the basis of freedom from infestation of the farming district 
in which it was grown. Spread of the insect to the principal sand pits 
in New Jersey enlarged the territory from which during adult flight 
quarantined sand may be shipped only after fumigation. 

Observations were made for seven weeks during the past summer to 
determine the extent of the sections in southern New Jersey, south- 
eastern Pennsylvania, and northern Delaware in which Japanese beetle 
defoliation or partial defoliation of favored food plants was conspicuous 
and readily observable from an automobile proceeding at a moderate 
rate of speed. Defoliation to the extent of between 75 and 100 per cent 
was obvious over an area of 1,647 square miles. Damage of from 50 to 
75 per cent was evident in 1,378 square miles. Evidence of at least 25 
per cent foliage injury was observed over an additional area of 1,353 
square miles. A total of 4,378 square miles was found infested to the 
degrees noted. Among the plants wholly or partially defoliated were 
apples, peaches, cherries, plums, quinces, lindens, willows, larch, young 
Norway maples, sassafras, horse chestnuts, grapes, raspberries, blue- 
berries, blackberries, field and sugar corn, certain other vegetables, 
and a number of ornamental plants. In this densely infested section, 
heavy concentrations of grubs also destroyed or badly injured sod in 
lawns and golf courses. 
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PRELIMINARY TESTS WITH LIQUID BAIT IN JAPANESE 
BEETLE TRAPS’ 


By F. W. MetzcGer, Associate Entomologist, U. S. Bureau of Entomology 
ABSTRACT 


The bait for Japanese beetle (Popillia japonica) traps as usually prepared loses its 
effectiveness upon exposure in the field. In an attempt to devise a method of main- 
taining the attractiveness of the geraniol and eugenol over a considerable period of 
time, these substances were vaporized by means of wicks of various lengths placed in 
small bottles containing the attractive agents. The results indicated that when 
wicks of a certain size were used in traps of two types, more beetles were captured 
than in check traps containing the bran-molasses mixture with the attractants 


added. 


The most satisfactory bait generally used in Japanese beetle traps 
consists of a mixture of geraniol, eugenol, bran, molasses, glycerine, and 
rater.2. Geraniol and eugenol are, however, the substances which attract 
beetles to the traps. The other materials are used as a carrier for the 
attractants; that is, to hold moisture and facilitate mixing. This bait, 
although very effective in drawing beetles to traps, is bulky and, upon 
exposure in the field, gradually decreases in attractive power as the 
geraniol and eugenol are vaporized. 

In an effort to devise a method of exposure of the geraniol and eugenol 
in the traps which would make them of constant maximum attractive- 
ness to the beetle over a period of several weeks, these substances were 
vaporized by means of a wick inserted in a bottle containing the attrac- 
tants*—a method that had previously been considered by Van Leeuwen 
in 1928. Numerous tests were conducted during the summer of 1932, 
the wicks being employed in the trap where the bait container is located 
in the trap cylinder (Pl. 18, fig. 1) and also in a new type of trap 
where the cylinder is eliminated, the bait being placed in a container 
situated in the trap baffle (Pl. 18, fig. 2). 

The wick employed in the tests is of the type used in an ordinary 
alcohol lamp. It is 3/16 to % inch in diameter, of cotton, the inner 
fibres, 12 in number, running length-wise and covered on the outside by 
a woven cotton sheath. This was inserted through a cork into a l-ounce 
bottle, and the portion of the wick within the bottle was without a 
sheath. Geraniol was used at the usual rate of 10 parts to one part of 


‘Contribution No. 112 from the Japanese Beetle Laboratory, Moorestown, N. J, 

*Metzger, F.W. Trapping the Japanese beetle. U.S. Dept. Agr. Misc. Pub. 147. 
8S pp., illus. 1932. 

'The writer desires to express his appreciation of assistance rendered by W. E. 
Fleming, E. G. Rex, and W. W. Maines. 
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eugenol, the bottle being filled at the beginning of the test. Any liquid 
remaining at the close of the experiment was suitable for future use. 

The standard method of testing different types of traps and bait was 
employed. Each trap with liquid bait was located 2% feet from the 
check trap containing standard bait. The number of beetles captured 
in each test represents the total from five such pairs of traps with an 
interval of 10 feet between pairs. 

Liguip Bait tn StanDARD Traps.—Wicks of the following lengths 
were used in this series of tests: 4 inches sheathed, 2 inches sheathed, and 
1 inch with and without sheath. The wick measurement in each in- 
stance represents the actual length exposed and does not include the 
length contained in the bottle. Longer wicks were not employed be- 
cause there was no convenient way by which they could be supported in 
the trap cylinder. Without support, wicks of this type toppled over, 
came in contact with the bottom of the container, and siphoned off the 
contents of the bottle. 

The results of these tests are summarized in Table 1. 


TABLE 1. SumMARY oF Tests WitH Liguip Bait In STANDARD TRAPS 


Experimental traps Check traps Per cent increase or de- 
(liquid bait) (standard moist bait) crease, experimental 
Wick length No. beetles No. beetles over check traps 


4 in. sheathed 55,770 43,975 
2 in. sheathed 38,965 36,414 
1 in. no sheath 75,620 83,575 
1 in. sheathed 12,750 14,300 

A study of the above table shows that the greatest increase in beetle 
catch over that from the check traps occurred when a 4-inch wick was 
employed, the difference in favor of the liquid bait being 26.8 per cent. 
The attractants were vaporized at an average rate of 2.2 grams per 
trap per day during 8 days in the field. When a 2-inch wick was used an 
insignificant increase over the checks resulted, but in this test geraniol 
and eugenol were vaporized at a slower rate, the amount being 1.07 
grams per trap per day over a 3l-day period. In both tests with the 1- 
inch wicks there was a decrease from the checks in the number of beetles 
caught over a similar period and the attractants were volatilized more 
slowly than with the longer wicks. 

Liguip Bait 1n Traps with Bait CoNntTAINERS LOCATED IN THE 
Barr_e.—The traps used in this test are representatives of a group 
wherein the cylinder was eliminated and the bait located in a 6-inch 
shuttered container placed in the baffle. This series of tests illustrates 
the superiority of the liquid bait over the standard bait when used 
in traps of this general type. Wicks were employed in the following 
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Plate 18 














Standard trap showing arrangement for liquid bait, above. 


Trap without cylinder, with 7% inch funnel and with shuttered bait con- 


tainer located in baffle, below 
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lengths: 5 inches sheathed, 3 inches unsheathed, and 1 inch unsheathed. 
The 5-inch length was attached to a hook located at the top of the bait 
container, but the other lengths were placed in the receptacle unsupport- 
ed. All tests were of 30 days duration. 

As the check traps had bait in the cylinders, it was necessary to con- 
duct one test where each type was similarly baited in order to first 
calibrate the normal difference between the two types of traps. The 
data obtained from these tests are summarized in Table 2. 


TABLE 2. SUMMARY OF TESTs WITH LigurpD Bait IN Traps WITHOUT CYLINDERS 


eee traps Check traps (stand- Per cent increase or de- 
(bait in baffles) dard bait incylinders) crease, experimental 


Wick length No. beetles No. beetles over check traps 
5 in. sheathed 58,430 44,700 +30.7 
3 in. no sheath 86,380 76,030 +13.6 

1 in. no sheath 22,800 28,900 —21.1 
Standard bait 66,928 56,963 +17.5 


As indicated in the above table, the increase over the check traps when 
5-inch sheathed wicks were employed was 30.7 per cent. Standard bait 
used in this type of trap gave an increase of 17.5 per cent over the check 
traps, which leaves a net increase of 13.2 per cent in favor of the liquid 
bait over the bran-molasses mixture. During the 30-day period of the 
test the average amount of geraniol and eugenol vaporized per trap per 
day from the 5-inch wicks in the experimental traps was 0.55 gram, as 
compared with 1.07 grams from the 2-inch wick in the cylindrical trap 
in the series mentioned above, while the difference in the number of 
beetles captured was 6.6 per cent in favor of the former. The greater 
amount of the attractants vaporized by the shorter wick is accounted 
for by the fact that the temperature inside the cylinder was several 
degrees higher than that in the shuttered container. 

Cost or Liguip Bart.—In 1932 the Japanese Beetle Laboratory 
prepared 3,000 baitings for standard traps at a cost of $.08758 each, 
including labor.‘ A larger quantity probably could have been made at a 
lower cost. In order to obtain the most effective results, this bait should 
be changed at bi-weekly intervals, making the cost $.17516 for a four- 
week period. During a like interval a 5-inch wick in a shutter-type 
container dispensed 16 grams of geraniol and eugenol at a cost of approxi- 
mately $.05. In the traps where the bait was placed in the cylinders the 
average consumption was 1.07 grams per day, or 29.96 grams for 28 
days, which amounted to $.1056. A 4-inch wick used 61.6 grams, and 


‘The cost of the various bait ingredients were as follows; geraniol (87 per cent 
pure, aldehyde free, sp. gr. .879 to .882 at 20°C.) $1.50 Ib.; eugenol, U.S. P., $2 Ib.; 
molasses (good table ,rade) $.47 gal.; glycerine, C. P., $.15 1b.; bran $.0125 Ib. 
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this amount of the attractants cost $.229, or considerably more than the 
regular bait for a similar period. 

The wicking is comparatively inexpensive, but would probably have 
to be replaced each year. Bottles and corks, while involving a consider- 
able initial expenditure, would probably last over a period of several 
seasons, making the yearly cost very small. 

The results from the tests with liquid bait appear promising. There 
are, however, several convenient methods of dispensing geraniol and 
eugenol which could not be tested because of the brevity of the beetle 
season. Further investigation of this problem is contemplated. 


Mr. Fe tt: I should like to inquire as to the probability of the bait 
trap being a successful method of controlling the Japanese beetle in 
badly infested areas. 

Mr. Metzcer: That is rather a difficult question to answer. W®& 
realize at the present time the trap attracts more beetles that it catches, 
and whether we will ever be able to develop a trap which will capture all 
beetles attracted to it is a problem. 

I might state we have made definite strides forward every year since 
we have been working with traps, but there is one consideration which | 
think very important, and that is that I do not believe we could ever get 
enough people interested in using traps until we get a trap which is 
nearly perfect. The situation at the present time is that a person in one 
block will use a trap and he will capture a lot of beetles, probably more 
than he would have ordinarily. If everyone in that particular town had 
a trap in his yard there would be no focal point of attraction, and every- 
one would probably have the same infestation as if there were no traps 
present. I think if in a community every individual living there put out 
a trap, the number of beetles caught would be tremendous, but whether 
or not we would be able to clean up the infestation isa problem. Traps 
on a poisoned sod make an excellent combination. 

Mr. Herrick: Has any attempt ever been made to determine whether 
the beetles had deposited eggs. 

Mr. MetzGer: Some eggs are probably laid, but I examined a con- 
siderable number of beetles at the end of last season, from the 25th of 
August to the lst of September. A large number of them still had con- 
siderable egg material left, and a number of eggs which were apparently 
ready to be deposited. 
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RELATION OF TEMPERATURE TO THE DEVELOPMENT OF 
THE PLUM CURCULIO IN APPLES' 


By W. D. Wurtcoms, Massachusetts Agricultural Experiment Station 


ABSTRACT 

The rate of development of the immature stages of the plum curculio (Conotrach- 
elus nenuphar) increases with each increase in temperature above 55° F. The number 
of punctures by adults in unsprayed apples also increases with the temperature but 
less rapidly than the number of eggs deposited. When confined with apples sprayed 
with lead arsenate, the number of days which the beetles live and the number of 
punctures which they make before death decreases with each increase in temperature 
and each increase in the concentration of lead arsenate. By applying sprays or dusts 
just before the first period of high temperatures following the petal fall stage, fruit 
growers have decreased injury by this insect 11 to 20 per cent, compared to less 
timely applications. 

The plum curculio is one of the most injurious insect pests of apples 
in Massachusetts, not only causing unsightly scars which depreciate the 
value of harvested fruit but also causing all apples in which a larva 
develops to drop prematurely, thus decreasing the size of the crop. In 
laboratory experiments, the beetles were readily killed by puncturing 
fruit sprayed with lead arsenate, while feeding and ovipositing, but the 
results from the use of this insecticide in the orchard were extremely 
variable, being entirely unsatisfactory in many cases. These failures to 
control with arsenical sprays were apparently due to faulty timing of 
applications in relation to the activity of the insect. When various 
stages of the plum curculio were confined at constant temperatures, it 
soon became evident that temperature exerted a strong influence on the 
development and activity of this insect and was an important factor in 
timing the application of control measures. 

DEVELOPMENT OF IMMATURE STAGES.—The average time required for 
development of the immature stages decreased with each increase of 10° 


TABLE 1. DEVELOPMENT OF IMMATURE STAGES OF THE PLUM CURCULIO AT 
CONSTANT TEMPERATURES, WALTHAM, Mass., 1932 


Temperature Incubation of eggs Feeding of larva Larva, pupa and adult 
Fahrenheit average days average days in soil average days 
55° *Development incomplete* 
65° 12.72 27.00 36.93 
75° 5.31 12.70 23.83 
85° 3.95 11.85 20.91 
Insectary 7.1 16.09 30.54 


*Exceptions discussed in text. 


F. in temperature. The greatest decrease occurred between 65° and 75° 
F., and the least between 75° and 85° F. In the individual records there 


‘Contribution No. 159 of the Massachusetts Agricultural Experiment Station. 
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is evidence that the development is slightly checked at 85° F., indicating 
that the optimum temperature is near80°F. At 55° F. one larva hatched 
after 53 days but did not leave the eggshell and three partly matured 
larvae were found in apples after 70 days, but did not leave the fruit. 
All other specimens died before the final observations were made, indicat- 
ing that this temperature is very close to the minimum for development. 

ACTIVITY OF THE BEETLES.—More than 80 per cent of the activity 
of the adults takes place in the first 30 days after mating; this period in 
1932 extending from May 28 to June 26. During this time, the average 
number of punctures made in the apples decreased in each successive 
period of 10 days. However, the proportion of egg punctures to feeding 
punctures was about 5 per cent greater in the second 10-day period, and 
throughout the oviposition period this ratio increased with each increase 
in temperature ranging from about 30 per cent at 55° to 55 per cent at 
85° F. 

Tota, Punctures.—The effect of temperature on the number of 
punctures which the beetles make under controlled conditions is shown 
in Table 2. This activity based on observations of 10 pairs of beetles 
increases in the approximate ratio of 1:3:5:6 with each increase of 10° in 
temperature from 55° to 85° F. 


TABLE 2. NuMBER OF PUNCTURES IN APPLES IN 30 Days By 10 Pairs oF PLUM 
CURCULIOS AT CONSTANT TEMPERATURES, WALTHAM, MASSACHUSETTS, 1932 


Number of Average number of 
Temperature Fahrenheit punctures punctures per beetle 
ARS ee eee 534 26.7 
uty elds vlna es ya eae 1,740 87.0 
rics eater th bbb Fas detente 2,668 133.4 
BT ile nin 5 tiniierabe i la a i pe 3,324 166.2 


OviposiTion.—Increasing temperatures apparently stimulate oviposi- 
tion more than they do feeding. As is shown in Table 3, the average 
number of eggs laid by 10 mated female beetles increased in the approxi- 
mate ratio of 1:5:9:12, with each increase of 10° from 55° to 85° F. 


TABLE 3. OviposiTion BY 10 MaTEep FEMALE CuRCULIOS AT CONSTANT AND 
OutTpoorR TEMPERATURES, WALTHAM, MASSACHUSETTS, 1932 


Average number of Maximum number of Maximum number of 


Temperature eggs per beetle eggs per beetle eggs per beetle per day 
55° 16.1 41 4 
65° 74.2 169 14 
75° 139.7 240 20 
85° 197.3 332 22 
Insectary 205.0 345 19 


It is interesting to note that at each of the controlled temperatures 
as well as at the variable normal outdoor temperature the last egg was 
laid from July 22 to July 26, 56 to 60 days after the experiments were 
started. 
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LENGTH oF Lire.—Under experimental conditions, the length of life 
of individual curculios has been very variable. Although oviposition 
ceases at 60 days, and feeding is very intermittent after that time, at 
least one individual at each temperature lived over 100 days after ma- 
ing. As shown in Table 4, the average life of plum curculio beetles tends 
to increase with the decrease in temperature. 


TABLE 4. AVERAGE NUMBER OF Days Wuicu BEETLES Livep AFTER MATING AT 
CONSTANT TEMPERATURES, WALTHAM, MASSACHUSETTS, 1932 


Temperature Average length of life in days 
Fahrenheit Males Females Both sexes 
55° 94.8 112.0 103.8 
65° 81.6 75.6 78.6 
75° 62.2 50.2 56.2 
85° 60.2 55.6 58.0 


PoisoNED Fruit.—When confined at constant temperatures with 
fruit sprayed with lead arsenate, the average number of days which the 
beetles lived while feeding on the poisoned apples tends to decrease with 
each increase in temperature, and with each increase in the concentra- 
tion of lead arsenate, from 3 pounds to 6 pounds in 100 gallons of water. 
At 55° F., and when lead arsenate is used at the rate of 3 pounds in 100 
gallons, there have been a few individuals which lived more than twice 
as long as the average, thus making the results inconsistent and indicat- 
ing that these conditions are too near the border line of effectiveness to 
insure reliable deductions. It is evident that the time required for the 
poison to kill depends on the amount of feeding and the promptness with 
which it begins, both of these factors increasing directly with the tem- 
perature. In some of the observations there has been an indication that 
lead arsenate at the rate of 6 pounds in 100 gallons of water is repellent 
to the beetles, causing them to delay feeding temporarily and thus in- 
crease their length of life. 


TABLE 5. AVERAGE LENGTH OF LIFE OF PLUM CURCULIO BEETLES AT CONSTANT 
TEMPERATURES WHEN FEEDING ON FRuIT SPRAYED With LEAD ARSENATE, 
WALTHAM, MASSACHUSETTs, 1932 


Concentration Average number of days alive 

of lead arsenate 55°F. 65°F. 75°F. 85°F. 
3 lbs.—100 gals. 6.8 8.6 11.3 11.6 
4 lbs.—100 gals. 7.0 4.8 5.8 3.9 
5 lbs.-100 gals. 4.4 4.3 3.0 2.6 
6 lbs.—100 gals. 3.9 3.5 2.1 2.4 


The number of punctures made in poisoned fruit is extremely variable, 
especially at the lower temperatures and with the smaller amounts of 
poison, and is apparently related to the condition of the individual. 
The majority of the punctures were made in the first two days after the 
beetles received the sprayed apples. There is little indication as to how 
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many punctures are necessary to obtain a lethal dose of poison, but in 
spite of several inconsistencies the averages shown in Table 6 indicate 
a tendency for the number of punctures to decrease with increases in 
temperature and in concentration of the lead arsenate. _The majority of 
these punctures are feeding punctures. 


TABLE 6. AVERAGE NUMBER OF PUNCTURES PER BEETLE WHEN FEEDING AT 

CONSTANT TEMPERATURES ON Fruit SprAvyeD With Leap ARSENATE, 

WALTHAM, MASSACHUSETTS, 1932 
Concentration Average number of punctures per beetle 
of lead arsenate 55°F. 65°F. 75°F. 
3 lbs.—100 gals. 7.8 4.3 
4 lbs.—100 gals. \ 4.7 4.5 
5 lbs.—100 gals. : 3.3 4.0 
6 Ibs.—100 gals. 5 2.4 2.3 

Feeding on poisoned fruit results in a much greater decrease in Oviposi- 
tion than it does in total activity. Among 80 female curculios, 63 or 
78.75 per cent laid only 2 eggs or less before death, and 34 or 42.5 per 
cent died without laying eggs, indicating that many of them take poison 
into their system while crawling over the surface of the sprayed fruit 
seeking a suitable place to puncture. Records also show that in one-half 
of the sixteen series under observation, the only eggs laid by females in 
poisoned fruit were deposited on the first day that sprayed apples were 
available. 

ORCHARD ApPLICATION.—Hibernating plum curculio beetles do not 
appear in the orchard in consequential numbers until after the petals 
have fallen and injury to the fruit before it reaches about one-half inch 
in diameter is insignificant. Therefore, the critical period occurs during 
the first continued spell of warm weather after the proper time for the 
calyx or petal-fall application. 

In 1930 this critical period extended from June 1 to June 7 inclusive, 
with a maximum temperature of 94° F. on June 5. The stimulated 
activity from high temperatures was well advanced by June 2, making 
applications after that date less effective. Records from twenty-nine 
orchards in Worcester County, Massachusetts, as summarized in Table 
7 show that the average injury by the plum curculio to harvested apples 
sprayed on or before June 2 was 11 per cent less in the McIntosh variety 


TABLE 7. PERCENTAGE OF HARVESTED APPLES INJURED BY THE PLUM CURCULIO, 
WorcEsSTER County, MASSACHUSETTs, 1930 
Number of Injury per cent 
Time of application Variety orchards Maximum Minimum Average 


May 28 to June 2....... McIntosh 10 10.0 0.47 3.79 
Baldwin 4 4.9 1.7 3.55 


17.28 


June3to7............ McIntosh 7 64.5 0.36 14.82 
4.2 


Baldwin 8 34.6 
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and 14 per cent less in the Baldwin variety than where the spray was 
applied on June 3 or later. 

In 1931 the critical period of high temperatures extended from May 
26 to June 1. Curculio activity was well advanced by May 28, making 
it imperative that the most timely applications be made on or before that 
date. In Table 8 the records of thirty-eight orchards show that the 
average injury in orchards sprayed on or before May 28 was 14 per 
cent less in the McIntosh variety and 20 per cent less in the Baldwin 
than in those orchards sprayed after May 28. 


TABLE 8. PERCENTAGE OF HARVESTED Fruit INJURED BY THE PLUM CURCULIO, 
Worcester County, MASSACHUSETTs, 1931 


Number of Injury per cent 
Time of application Variety orchards Maximum Minimum Average 
May 26 to 28.......... McIntosh 6 6.8 0.7 4.33 
Baldwin 6 4.2 1.2 3.0 


May 29—June 6. McIntosh 16 57.6 12.6 24.85 
Baldwin 10 39.7 7.3 17.88 
Through the cooperation of the Weather Bureau, and the experience 
from several years of observations, the critical periods of curculio ac- 
tivity in relation to temperature have been predicted with considerable 
success and the information has been satisfactorily broadcasted over the 
radio and through the County Extension Services. 


RECOMMENDATIONS 


Based on the studies and observations reported in this paper, the 
following recommendations for control of the plum curculio in apples 
with insecticides have been adopted in Massachusetts: 

After the blossom petals have fallen, apply a special spray or dust in 
the first period of warm weather when the maximum temperature 
reaches 75° F. or higher and promises to continue for two or more suc- 
cessive days. Use 4 or 5 pounds of lead arsenate in each 100 gallons of 
spray, preferably with the addition of 1 pint of fish oil or linseed oil as a 
spreader or sticker. Except in severe infestations 85-15 sulfur-lead 
arsenate dust can be substituted for the spray. 

Where there are two distinct periods of high temperature within 15 
days after the petal fall, apply a spray or dust in each period, using the 
same materials and determining the time for the second application by 
the same temperature requirements as before. 

On scab susceptible varieties, or where the. addition of a fungicide 
is desirable for any reason, liquid lime-sulfur or a similar material can be 
added to the spray without danger of greatly decreasing the efficiency of 
the mixture. 
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FURTHER STUDIES ON THE CONTROL OF THE APPLE 
CURCULIO IN THE CHAMPLAIN VALLEY 


By O. H. Hammer, N. Y. State Agr. Exp. Station, Geneva, N. Y. 


ABSTRACT 


Additional life history studies of Tachypterellus quadrigibbus were made. Results 
obtained by collecting the June drops in 1931 are discussed. In experimental plats 
partial control was again secured by properly timed heavy applications of lead 
arsenate sprays. 


What follows is a continuation of studies.reported in this journal 
Vol. 25; 569-573, 1932. 

Lire History Notes.—During the spring of 1932 emergence cages 
were placed over naturally infested overwintering quarters. Regular 
inspections of these cages showed that the hibernating beetles became 
active shortly before the middle of May. The first beetles were col- 
lected from the cages on May 10th, the greatest number on May 25th, 
and the last on June 1lth. The first eggs were deposited about June 1, 
and the new generation curculios began to emerge from June drops on 
July 21. Each of the phases of development of this insect during 1932 
was a few days later than in 1931. 

It was pointed out in my former paper that in certain cases a con- 
siderable number of beetles emerge from mummified apples which 
cling to the trees. At the same time attention was called to the fact 
that in many instances curculios continued their development within 
growing apples. Both these phonomena were again observed in 1932 and 
a great number of beetles were found in each situation. At picking 
time a large number of apples were noted to have emergence holes in 
them. (A typical example is shown in Fig. 3, P1.19). A great number of 
McIntosh apples were cut open at picking time and many of them were 
found to contain living adult curculios. Some of these beetles had 
eaten a tunnel from their pupal chambers to the surface of the apples 
and had only to break the skin to escape. In other cases the beetles 
would probably never have escaped, since they were feeding toward the 
core rather than toward the surface of the apples. A curculio in the 
act of emerging from a mature fruit is shown in Fig. 2, Pl. 19. 

A record of the emergence of new generation beetles from the June 
drops is given in Table 1. Cage 1 presents the emergence record from 
June drops collected before July 12th. Cage 2 shows the emergence 
from fruits which fell after July 12th and were collected on July 19th. 
The record of cage 2 has an important bearing on control and is dis- 


cussed later. 
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HIBERNATION.—The question of hibernating quarters, was further 
investigated since there is some uncertainty as to where the beetles 
pass the winter and such information might have a bearing on control. 
A careful search was made for hibernating beetles in many situations 
in and adjoining the orchards. These included rock piles, fence rows, 
wood-land, pasture, the sod mulch between trees and finally the sod 
directly under the trees. All situations except the last gave negative 
results. From cages placed under the trees and covering an area of 
approximately 480 sq. ft. 257 beetles were captured, notwithstanding 
the fact that the infested June drops were collected the previous season 
in an effort to reduce the curculio population. In addition to beetles 
recovered from the cages in 1932 approximately 100 beetles were found 
by screening leaves and other debris under the trees. 

CoNnTROL EXPERIMENTS.—In 1931 control tests were begun in the 
Ledgetop Orchard at Crown Point, N. Y. During that season an 
attempt was made to control the curculio in an eight acre block of Tol- 
man Sweet and Spy trees, by carefully collecting by hand the June drops 
before the new generation beetles had emerged from them. This pro- 
cedure, while it undoubtedly greatly decreased the infestation, proved 
inadequate for commercial control. This is evident when one con- 
siders both the number of beetles captured in the emergence cage rec- 
ords already cited, and the fact that there was severe injury in the 
experimental block during 1932. Studies were made to determine why 
the destruction of June drops as practiced the preceeding year had not 
given better control. As already pointed out the large number of 
beetles emerging from fruits that never reach the ground partially 
explains why destruction of the drops was not more successful. In 
addition, during 1931 the drops were collected only once. In 1932 
it was demonstrated that the June drops should be picked up at least 
twice. If picking is delayed to get the entire drops at one time many 
beetles will have emerged from the fruits which fell first. In Table 1 a 
record is given of the beetles emerging from two pickings. 

Since the late falling apples harbor so many beetles it seemed desirable 
to know how important, as a source of infestation, are apples thinned 
from the trees. For this purpose five bushels of 144-2 inch apples 
thinned from one severely infested Wealthy tree were placed under a 
cheese cloth covered cage. From these five bushels 370 beetles emerged. 
Data in Table 2 shows that the initial emergence and the peak of emer- 
gence from these thinned apples are considerably later than in the case 
of June drops. 
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SPRAYING EXPERIMENTS.—During 1932 the major spray experiments 
were conducted in the Ledgetop Orchard at Crown Point, N. Y. A 


TABLE 1. New GENERATION EMERGENCE RECORD. CROWN Point, N. Y., 1932 
*Cage No.1 tCage No. 2 


July 20.. 
July 21..... 
July 22... 
July 23...... 
July 25.... 
July 26.... 
July 27.. 
July 28. . 
July 29.. 


Aug. | 
Aug. 2 
Aug. 4 
Aug. 8 
Aug. 
Aug. 
Aug. 


11 
15.. 
16 


Aug. 22 
Aug. 26. 
Aug. 30. 


Sept. 1 
Sept. 6 


Total iOs8 , 
*In cage No. 1 were placed approximately 12 bushels of June drops which were 
collected before July 12th. 
tIn cage No. 2 were placed % bushel of June drops which fell after July 12th and 
were collected on July 19th. 


D 


ates collected No. beetles No. 


2,447 


beetles 


| 


me os  ~) 
PNON Sean caoNwaNnes 


— 
_— 


118 


TABLE 2. NeW GENERATION EMERGENCE RECORD FROM APPROXIMATELY FIVE 
BusHELS OF APPLES THINNED FroM ONE WEALTHY TREE ON JULY 28TH, 1932 


Dates 
collected 


Aug. 1. 


Aug. 2 laksa 
Aug. 4... 


Aug. 8 


Aug. 11.. 


Aug. 13. 
Aug. 16. 
Aug. 22 
Aug. 26. 


Aug. 30.. 7 


Sept. 1.. 


Sept. 6.. 


Sept. 21... 


Total. . 


No. beetles 


0 


iedddar 370 


block of 225 Spy, Tolman Sweet, and occasional McIntosh trees was 


divided into seven plats. 


Sweet in 1931 but a light crop in 1932. 


There was a heavy crop of Spy and Tolman 








we 
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The plats have been designated as I, II, III, IV, V, VI, and VII. 
The infestation at the beginning of the 1932 season was probably 
slightly less in plat I and increased in the direction of plat VII. The 
block of trees employed for spray tests during 1932 was the area where 
June drops had been collected in 1931. The spray applications were 
timed to check spring and early summer feeding of the overwintering 
beetles. Table 3 summarizes the sprays each plat received and the 
results obtained. The data are based on examinations of the entire 
crop of representative trees in each plat. 


TABLE 3. APPLE CURCULIO SPRAYING EXPERIMENTS, CROWN Point, N. Y., 1932 


Materials used Early injury 
Dates (water in each case Varieties Total No. Per 
Plat No. sprayed to make 100 gallons) checked apples apples cent 
I May 18 Leadarsenate 5lbs. Tolman 
May 29 _ Lime sulfur 2 gals. Sweet 2,018 914 45.3 
June2 Hydrated lime 5 lbs. 
June 13 Spy 2,846 507 17.8 
Check tree in plat I No treatment Tolman 
Sweet 4,153 2,684 64.6 
II May 19 Tolman 
May 29 _ Lead arsenate 3 lbs. Sweet 1,419 1,184 83.43 
June6 Lime sulfur2% gals. Spy 1,997 846 42.4 
June 14 
It] May17_ Leadarsenate 5lbs. Tolman 
May 29 Lime sulfur 2 gals. Sweet 2,823 1,218 43.14 
June6 Hydrated lime 40 lbs. 
June 14 Spy 2,684 599 22.31 
IV May 18 Leadarsenate5lbs. Tolman 
May 28* Lime sulfur 2 gals. Sweet 1,937 1,096 56.58 
June6  Hydratedlime5lbs. Spy 1,728 489 28.30 
June 13 
V May17 Leadarsenate6lbs. Tolman 
May 28* Lime sulfur 2 gals. Sweet 1,657 990 60.04 
June6 Hydrated lime 6 Ibs. 
June 14 Spy 2,371 435 18.34 
Check tree in plat V May28 Lime sulfur 2% gals. Spy 3,661 2,447 66.83 
VI May 29 Leadarsenate3lbs. Spy 6,239 2,742 43.94 
June6 Limesulfur2¥ gals. 
June 13 
Check tree in plat VI No treatment Tolman 
Sweet 2,885 2,693 93.34 
Vil May 17 Leadarsenate6Ilbs. Tolman 
May 28 _ Lime sulfur 2 gals. Sweet 8,229 6,614 80.37 
June3 Hydrated lime 6 lbs. 
June 13 Spy 5,391 2,548 47.26 


*On this date 1% pints of fish oil were added to the spray formulae in plats IV 
and V. 

Pink application—May 17, 18, 19. Calyx application—May 28, 29. Special 
applications—June 6, 13-14. 


424 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 26 


A number of materials have been tested against the apple curculio 
under laboratory and orchard conditions. These include lead arsenate, 
calcium arsenate, cryolite, Pysol 1-100, nicotine sulfate 1-100, nicotine 
tannate, and “white oil”. Data are given only on arsenate of lead in 
various combinations since the others represent preliminary tests only. 
Of the newer materials Cryolite gave most promise. 

SuMMARY.—Injury of the apple curculio in the Champlain Valley 
was about as severe in 1932 as in 1931. The destruction of June drops 
as carried out in a 1931 experiment did not appear to greatly lower the 
infestation for 1932. The drops should be picked up at least twice, but 
even where this is done many of the beetles will emerge from apples on 
the trees and thus lower the efficiency of this method of control. Re- 
sults of spraying test with arsenicals in 1932 were not as encouraging as 
in 1931. 


Question: I should like to ask Mr. Hammer if he has noticed any 
difference in severity of infestation in orchards in the low lands as com- 
pared with orchards in the higher altitude. 


Mr. Hammer: Practically all of the orchards where the infestation is in 
the Champlain Valley are rather low, to be sure, and they are bordered 
by wood lands. 


Notes on New or Little Known Scale Insects. Last May specimens of a Lecanium 
on wistaria found at Greenwich, Conn. were submitted for identification and just 
recently have been identified by Dr. Harold Morrison of the U. S. Bureau of Ento- 
mology as Lecanium excrescens Ferris, a very interesting species not previously re- 
corded from the eastern United States. This insect was sufficiently numerous to 
arouse some interest as to its nature and probable economic status. 

Specimens of Aspidiotus tsugae Marlatt were found recently somewhat numerous 
upon Taxus at Field Point Park, Greenwich, Conn. and provisionally identified as 
this species by Dr. Morrison. 

Umbrella pine has not been troubled heretofore to our knowledge by insects, and it 
was somewhat surprising to receive a shoot, accompanied by the statement that the 
insect was sufficiently abundant upon the tree to materially check its vigor. The 
material was submitted to Dr. Harold Morrison who considers it the species currently 
identified as Lepidosaphes newsteadi Sulc. An examination showed the scale insects 
numerous at the base of the needles and also upon the adjacent wood. They occurred 
in clusters of 3 to 8 or thereabouts and could be easily overlooked. All of the material 
mentioned in this note was collected by Mr. W. Bradford Mix of the Bartlett Tree 
Expert Company. 

E. P. Feit, Bartlett Tree Research Laboratories 
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EXPERIMENTS ON THE CONTROL OF MITES INFESTING 
RASPBERRIES’ 


By Ray Hutson, Section of Entomology, Michigan State College, East Lansing, 
Michigan 
ABSTRACT 

A description of damage, survey of distribution, and indication of loss sustained 
from mites, particularly Tetranychus mcdanieli McGregor, on raspberries in Michi- 
gan, together with control measures attempted and results attained. The distinguish- 
ing characteristics of T. mcdanseli are included and the observed habits of the mite 
detailed. Control studies with dormant and summer oils, glue, and contact poisons 
of plant origin alone and in combination are recounted. The effect of single appli- 
cations and of series applications on different stages of T. mcdanieli are compared. 

A series of three sprays of summer oil at one per cent strength reduced the mite 
population to an extremely low figure in May 1931, while an identical series of sprays 
applied just after the leaves came out in 1932 protected raspberries from damage by 
mites. Raspberry foliage is apparently entirely tolerant to sprays of one per cent 
summer oils. 

During the last several years repeated reports of damage sometimes 
amounting to loss of crop on red raspberries by spinning mites have been 
coming in from Berrien County, located in the extreme southwestern 
part of Michigan. The injury consists in a browning and curling of the 
leaves, which in turn affects the fruit very much as a drouth does in that 
the fruit fails to develop properly. Fruit picked from infested canes, in 
addition to being lower in quality than normal fruit, is sometimes 
covered by mites to such an extent that, despite their inconspicuous 
coloration against such a background, the mites are apparent on the 
berries when marketed. The new growth is webbed together. In all 
infestations mites can be observed on both the upper and lower surfaces 
of the leaves. In addition to these effects, which, of course, occur in the 
early part of the season, the young shoots from which the next year’s crop 
is to be secured do not make normal growth, for by the first of August, in 
severe attacks, no leaves are left on the shoots except tufts at the tips. 
Examination of leaves lightly infested with mites shows them to be 
covered with tiny areas from which the green coloring matter has been 
withdrawn. The desiccation taking place from these wounded areas is 
responsible for the brownness before noted. The monetary value of the 
damage inflicted by these mites has been variously estimated, but always 
runs into many thousands of dollars annually. 

Investigations dealing with this pest of raspberries can best be treated 
under three headings: Systematic, habit, and control studies. 

SysTEMATIC StupIEs.—Appearance of the plants, together with the 


‘Journal Article No, 141 (n. s.) from the Mich. Agr. Exp. Sta. 
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superficial resemblance of all other mites subsequently found to be 
present, at first gave the impression that Tetranychus bimaculatus Har- 
vey was responsible. Failure of control measures and subsequent 
microscopic examination of living specimens disclosed the presence of a 
mite complex on the infested raspberries in which bimaculatus was 
numerically inferior to other species. Collection, preparation, and sub- 
mission of specimens suitable for microscopic study to E. A. McGregor 
resulted in the determination that two of the species of mites present, in 
addition to bimaculatus, were Paratetranychus ilicis McGregor, pre- 
viously reported from South Carolina on holly (/lex opaca), and a new 
species, which has been described (2)? recently as Tetranychus mcdanieli, 
McGregor (Type slide, Cat. No. 1029, U. S. N. M.); this last-named 
species can be distinguished by microscopic examination from 7. bima- 
culatus by the following characters: (2) 

“T. bimaculatus. Female: Color usually brick or ferruginous red; 
mandibular plate with slight median anterior notch; femur noticeably 
exceeding tarsus. Male: Penis with strongly developed basilar lobe, 
shaft bent upward at about 90°, ending in a very blunt barb. 

“T. mcdanieli. Female: Color usually deep amber; mandibular plate 
with no anterior emargination; femur equalling tarsus. Male: Penis 
with almost no basilar lobe, shaft bent upward and forward about 330° 
from axis of shaft, then bent sharply backward as a sickle-shaped acumi- 
nate point, the distal portion thus forming an S-shaped hook.” 

Indebtedness to E. A. McGregor for his kindness in identifying the 
three species of mites concerned is gratefully acknowledged. 

Hasit Stupies.—7. mcdanieli is the mite which occurs in the greatest 
numbers associated with the type of injury described in all cases studied, 
although it is seldom found on raspberries showing the described lesions 
without one or both of the other two species. The constancy of its 
presence on injured plants and its numbers, together with the appearance 
of plants having almost pure cultures of 7. mcdanielt, leaves little doubt 
that this species is responsible for the abnormal condition of the plants. 

Microscopic examination of raspberry canes during January and 
February, 1931, revealed T. mcdanieli present beneath the scales about 
buds and also under loose strips of bark upon the canes. So far as has 
been determined, this species does not winter in trash or rubbish on the 
ground among the canes. 7. mcdanieli is present on raspberry foliage 
as soon as the buds open enough to show green. Raspberry plantings on 
soils with good water-holding capacity do not suffer as severely or as 
often as plantings upon dry soils. All three species of mites discussed in 


*Reference to authorities cited is indicated by figures in parenthesis. 
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this paper occur on sow thistle (Sonchus arvensis) in infested plantings of 
raspberry. 7. mcdanieli becomes extremely abundant on spent canes 
after harvest and migrates to young canes as the old canes become 
unsuitable as feeding places. 

ContrRoL Stupies.—Following the first reports of damage to rasp- 
berries by mites, a number of materials and combination of materials 
were tried as single applications against the pests. Nicotine with soap, 
Derrisol and Derrisol with soap were the principal things tried, for the 
whole problem was complicated by the danger of injury to the foliage. 
This danger is particularly imminent in the case of sprays containing 
sulphur. In the infested region the danger of burning raspberry plants 
with sulphur-bearing sprays is so well-known that growers are with 
considerable difficulty persuaded to spray this plant at all. As a conse- 
quence of the failure of preliminary efforts at control, of the danger of 
injury, of the revelations of the systematic findings, and of the habits of 
T. mcdanieli, the responsible organism, an entirely new approach to the 
problem was undertaken in the spring of 1931. 

As originally planned, the experimental work was to consist of a 
series of sprays beginning late in the dormant period and continuing 
through the early part of the season, utilizing sprays that had been 
demonstrated as innocuous to the plant at the particular time they were 
applied. The reason for a modification of the objective will appear in 
Table 1 and its ensuing discussion. Following the results of the first 
series of tests, the problem resolved itself into a quest for a bland, 
readily obtainable, easily applied, cheap material compatible with the 
fungicide commonly used on red raspberries which when applied as a 
series of sprays timed to avoid observed resistant stages, would reduce 
the mite population to a low figure. 

Plots for the study of spray treatments against mites were laid, early 
in the spring of 1931, in plantings which had in 1930 suffered severely 
from mite damage. 7. mcdantelit was present on the buds at the time 
plots were laid out. Plots consisted of two rows about fifteen rods long 
for each treatment with an unsprayed row between each plot for a check. 
Site and arrangement of the planting afforded a gradation in every plot 
from well-drained to very dry soil, a consideration of importance, since 


mite injury is more serious on dry soils, as shown by the habit studies. 

All sprays were applied with an orchard sprayer, developing 250 
pounds pressure. Driving between the rows of plants a one-side applica- 
tion was made to both sides of every row. The spray was forced in 
among the foliage by moving a regular orchard spray gun adjusted to a 
fine spray up and down constantly at an estimated distance of three or 
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four feet from the particular plants being sprayed. This procedure, as 
determined by inspection, insured thorough coverage for all parts of all 
plants in each row. This method of spraying required about one gallon 
of spray per rod of row and was eminently satisfactory in preventing 
injury to the easily-broken new growth. 

Evaluation of the various treatments was accomplished by collecting 
from each plot 100 shoots at random and then counting the number of 
live mites upon a leaf from the same relative position upon each, and 
comparing the results of such counts with the infestation of the check. 
The infestation of the check was determined by averaging data secured 
from all check rows by the same procedure as that employed on the 
treated plots. For reasons of convenience in handling, the counts were 
made upon the third leaf from the base of the shoots. 

The results of single applications of various materials, together with 
other relevant data, comprise Table 1. 


TABLE 1. Resutts (TAKEN May 4, 1931) oF SINGLE APPLICATIONS FOR Tetranychus 
ntelt 


Date No. live mites 
Spray treatment and dilution applied per 100 leaves 
1932 


Diamond paraffin Kayso emulsion (662g % oil) 1-50 i 768 
Proprietary oil A—1-—50 14 644 
Proprietary oil B—1-—50 ad 790 
Glue, 15 pounds in 100 gallons i 114 
Nicotine sulphate 1 pint, plus Penetrol % gallon in 100 gallons 473 
Pyrethrum (.9% pyrethrins) 1 pint, plus Penetrol % gallon in 

100 gallons 253 
Derrisol 1 pint, plus 2 pounds Ivory soap in 100 gallons... .. .. 247 


Volck (medium) amy 
1 
822 


May 14 all these plots were heavily re-infested. These plots set but did not mature 
a crop of berries because of mite injury. 


Observations made during the process of making the counts detailed 
above showed numbers of hatching mite eggs present on the leaves. In 
addition, but few adult mites could be found. Further observation 
showed almost all of the eggs hatching shortly and seemed to denote 
that the mites were surviving the treatments in the egg stage. Whether 
this survival is dependent upon resistance of the eggs or results from 
insufficient spray coverage has not as yet been completely determined, 
although the former hypothesis is indicated by the observed care in 
spraying and the experience of other workers (1, 2) with the related 
Tetranychus bimaculatus. 

Following determination that single treatments could not be depended 
upon to eliminate enough mites to prevent heavy re-infestation, a num- 
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ber of plots were laid out on the same plan to ascertain the effect upon 
the mite population of series of application timed to forestall the possi- 
bility of egg-laying between sprays. 

Although all of the materials applied as single applications on May 4, 
1931, give marked reductions in the number of mites, considerations of 
plant tolerance, availability, ease of application, cost, and compatibility 
with bordeaux, in addition to their performance as evidenced in Table 1, 
restricted the materials used in series applications to summer oils at 
1 per cent strength. A resume of tests with series application of summer 
oils is afforded by Table 2. 


TABLE 2. RESULTS OF SERIES APPLICATIONS OF ONE PER CENT SUMMER OILS FOR 
T. mcdanieli. (LivE Mites PER 100 LEAVEs) 


No. live 
Appli- mites per 
Material cations 100 leaves Observations 


Volck (medium) 127. Eggs becoming scarce. At picking time these 
Verdol 145 plots began to show re-infestation. 

Check 2884 Leaves webbed together, innumerable eggs. 
Volck (medium) 28 These mites on leaves apparently not hit by 
Verdol 32 spray. No noticeable re-infestation during 

season. Eggs apparently absent. 


Inspection of the figures in Table 2 shows little difference in efficiency 
of the materials tested in series applications. The difference in results 
between two applications and three applications is not particularly 
impressive until the subsequent history of the plots is examined under 
remarks. The re-infestation on the plots receiving two applications is 
noted at the time raspberries are picked, while the plots receiving three 
applications were free from injurious numbers of mites throughout the 
remainder of the season. These data seem to indicate that control of 
spinning mites on raspberry can be accomplished by three applications 
of one per cent summer oils and the evidence apparently denotes that 
this is brought about by destroying the mites in their nymphal stages 
before they have deposited eggs. It is further indicated that the spin- 
ning mite, T. mcdanieli, reproduces at a rate comparable with that of T. 
bimaculatus (1, 2). This can be seen from again referring to the tabu- 
lated data. The re-infestation noted strikingly supports this conten- 
tion. Reproduction, then, is so rapid under the conditions in Berrien 
County, Michigan, that almost complete kill is necessary for control. 
That this is dependent in large measure upon thoroughness of applica- 
tion can be understood from the observations in Table 2, where the 
mites found on leaves sprayed three times seemed to have been missed 
by the spray. 
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During April and May, 1932, the experimental findings of Table 2 


were tested by applying a series of three sprays of one per cent summer 
oil to a planting infested with 7. mcdanieli. The results confirmed the 
previous findings. Additional confirmation was furnished during 1932 
by observations on the results obtained by practical application of this 
series of sprays by growers. 

No spray injury to raspberry foliage was observed during the course 
of these experiments. 

ACKNOWLEDGMENT.—Acknowledgment is gratefully made to Dr. 
R. H. Pettit for counsel in the course of these experiments, to Prof. E. I. 
McDaniel for aid in the identification of the mites concerned, to M. G. 
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to the County Agent and growers of Berrien County, whose cooperation 
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Mr. Biavuve -t: I should like to ask Mr. Hutson at what time these 
sprays were applied in relation to time of picking of the fruit. 

Mr. Hutson: The most efficient sprays were put on just after the 
plants began to show green. That, of course, appears in the paper, but 
we also found that with the 1 per cent oil, if you wanted to, you could 
put them on while picking, and pick the next day. 

We also found that as many as sixteen sprays of 1 per cent oil can be 
applied to a raspberry plant at five-day intervals and still have no injury. 
Higher concentrations burned. 


Mr. Biavve tt: Did the 1 per cent oil give a high kill of eggs? 


Mr. Hutson: No. That is the whole trouble. You don’t get the eggs. 
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THE HOST RELATIONS OF OUR CHERRY FRUIT FLIES 
By HuGu GLasGow, New York Agricultural Experiment Station, Geneva, New York 
ABSTRACT 

In the eastern states the cherry fruit flies, Rhagoletis fausta and Rhagoletis cingu- 
lata, have been found to breed freely in certain native wild cherries, particularly in the 
common black cherry P. serotina and the native bird or fire cherry P. pennsylvanica. 

In this region P. serotina appears to be the principal native host for R. cingulata, 
while R. fausta is confined chiefly to P. pennsylvanica. These two fruit flies are not 
well adapted to the native choke cherry, P. virginiana, and this fruit appears to 
be of little importance as a host for either species. 


In common with many other insect pests, our cherry fruit flies, Rhago- 
letis fausta and Rhagoletis cingulata, are native species that are of little or 
no economic importance except as they have adapted themselves to an 
introduced host,—in this case the common cultivated cherries, Prunus 
avium and Prunus cerasus. 

Studies having to do with the cherry fruit flies in the past have been 
directed mainly toward solving those problems growing out of the direct 
relation of these insects to their introduced hosts. 

The interrelations of the pests with their wild or native host plants 
and the possible bearing such relations may have on the prevalence and 
distribution of the insects in cultivated areas have not received the 
consideration they seem to merit. 

The methods now in general use for the control of the cherry fruit 
flies are surprisingly effective as judged by the standards commonly ac- 
cepted for other fruit pests. Notwithstanding this, however, there are 
commercial cherry plantings where the control persistently falls well 
below the standards that most commercial cherry growers have come to 
accept as a matter of course. Many such cases have been rather difficult 
to account for and cannot always be satisfactorily explained on the 
grounds of inefficient spraying, but point rather to possible contami- 
nation from some outside source. 

During the past four or five years we have given considerable at- 
tention to this aspect of the general cherry fruit fly problem and in the 
course of these studies have examined a number of different fruits, both 
native and introduced, that might possibly serve as a reservoir for the 
cherry fruit flies and a source of contamination for commercial cherry 
plantings. The fruits so far examined do not by any means exhaust the 
list of possible host plants or cover the entire range of the insects, but do 
include many of the commoner fruits that seemed likely to harbor the 
insects or to be associated with cherry plantings in New York. 
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The general routine followed in checking the various fruits for possible 
fruit-fly infestation was comparatively simple and consisted in general 
of a preliminary examination to establish the presence or absence of 
larvae which, if found, were concentrated in large out-door emergence 
cages, from which the adults were collected for identification as they 
emerged the following spring. 

Wherever possible the fruits to be examined were selected from in or 
near badly infested cherry orchards known to harbor one or both species 
of the fruit fly, or in the neighborhood of some of the heavily infested 
native hosts of these insects. The preliminary inspections were made 
first by direct examination for the presence of egg punctures or maggots, 
supplemented later, on a more extensive scale, by the collection of 
quantities of the fully ripe fruits which were held under observation for 
the appearance of maggots or puparia or immersed in cold water 
for several minutes to hasten the escape of the maggots from the fruit. 
Under this treatment the more mature maggots were found to very 
largely leave the fruit and collect in the bottom of the container. The 
fruit was later macerated in some cases and a detailed search made 
for the presence of fruit fly larvae, but this procedure was not generally 
followed. 

Whenever fruit fly larvae were found a cage was stocked with a 
quantity of the fully ripe fruit to provide for emergence records the 
following spring. In stocking these cages the fruit was either placed 
directly on the ground in a thin layer or more commonly was supported 
on a coarse mesh wire screen approximately the size of the cage and 
raised a few inches above the ground. Such a support proved a much 
more effective method for concentrating the maggots than by placing the 
fruit directly on the ground since it makes possible the use of a much 
greater volume of fruit and allows for its renewal at frequent intervals as 
the maggots escape or the fruit commences to break down. The insects 
on escaping above such a support are able to make their way thru the 
meshes of the screen to the ground where conditions are more suitable 
for hibernation than directly beneath a mass of decomposing fruit. 

The type of emergence cage adopted for this work covered a plot of 
ground of approximately forty square feet, being eight feet long, five 
feet wide, and three feet high. These dimensions provide for a cage 
covering a relatively large surface but still reasonably stable,—high 
enough to permit a man moving about inside, but sufficiently compact 
to allow for convenient transportation and storage when dismantled. 

In construction the cage consists merely of a simple skeleton frame- 
work of boards approximately three inches wide. For covering, a sheet 





Plate 20 


ruit of the native black cherry, Prunus serotina, together with the fruit fly, Rhago 


letis cingulata, commonly found associated with it.. (Two of the eight fruits in 


this cluster were infested, two having been opened to show the insects within). 








Fruit of the native bird or fire cherry, Prunus pennsylvanica, with an associated 


fruit fly, Rhagoletis fausta. (Two of the infested fruits have been opened and 


the maggots exposed ). 
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of coarse mesh cheesecloth of from 20 to 30 threads to the inch and 
twelve feet wide may be used. A cage of this type may yield several 
hundred adults if properly stocked and the fruit moderately infested. 
The number of flies recovered in the case of some of the smaller fruits 
and with a higher rate of infestation may be much greater. Of the 
thirty-nine fruits recorded in Table 1, adult fruit flies were actually 
recovered from only fifteen, and the cherry fruit flies from but six. Eggs, 
and in some cases maggots, were found in thirty of the thirty-nine 
fruits examined, indicating that these insects are somewhat lacking in 
discrimination in their egg-laying habits and undoubtedly oviposit 
in many fruits in which there is no possibility of the species surviving. 

The apple fruit fly, Rhagoletis pomonella, for example, has been re- 
peatedly observed ovipositing in the fruit of the cherry, while one or 
both species of the cherry fruit fly have been seen to oviposit in fruit 
of Lonicera, Cornus and Symphoricarpos. In captivity the dogwood 
fruit fly (R. tabellaria) has been found to oviposit sparingly in the 
cherry, altho in none of these instances have the species in question been 
able to develop. 

Of the various fruits so far examined for the possible presence of either 
of the cherry fruit flies, the introduced Prunus mahaleb and the native 
Prunus serotina and Prunus pennsylvanica are the only host plants aside 
from the cultivated cherries from which the adults have actually been 
reared in any numbers. 

Egg punctures and young larvae, presumably of one or both species of 
cherry fruit flies have been found very commonly in the fruit of the 
native choke-cherry (Prunus virginiana), but it appears that these very 
rarely complete their development in this host. That the eggs and 
larvae observed in the fruit of the choke-cherry are really those of the 
cherry fruit flies is borne out by the fact that they are particularly 
apt to be encountered in choke-cherries growing in or near neglected 
cherry plantings where the fruit flies are known to be prevalent, and 
that females of both R. cingulata and R. fausta have been observed 
ovipositing in this fruit in the field. From the readiness with which fruit 
fly eggs are deposited in the choke-cherry and the fact that they may 
hatch and the resulting maggots develop for some time, it seems strange 
that there should not be a closer affinity between these insects and this 
exceedingly common native cherry. 

Repeated attempts to rear the cherry fruit flies from the choke-cherry 
have generally resulted in failure, only one male and two females of R. 
fausta having been recovered from this fruit. No adults of R. cin- 
gulata have so far been reared, altho in the preliminary examinations of 
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the fruit a total of two typical puparia of this species was obtained, and 
these findings suggest the possibility that in rare cases the choke-cherry 
may serve as a host for this species. Whether this ever actually occurs 
appears to be of little practical significance since the choke-cherry can 
certainly not be regarded as a preferred host for either fausta or cingu- 
lata and, in New York at least, need cause no concern as introducing a 
possible complicating factor into the general problem of cherry fruit fly 
control. This is indeed fortunate for P. virginiana is by far the com- 
monest wild cherry thruout the cherry growing sections of the State, 
occurring as it does in nearly every neglected fence row, and the problem 
of cherry fruit fly control would be correspondingly involved if this fruit 
served as one of the preferred hosts of the insects. 

As contrasted with the choke-cherry the fruits of the two common 
native wild cherries (P. serotina and P. pennsylvanica) are practically 
always found to harbor maggots of the cherry fruit flies, the infestation 
often being severe. While the degree of infestation for these wild hosts 
naturally varies in different localities and with the season, it is rare 
indeed to see either of these cherries in fruit without also finding the fruit 
flies associated with them. Both of these native wild cherries are widely 
distributed and occur not only in agricultural sections but also in some of 
the most inaccessible parts of the state, far from any plantings of culti- 
vated cherries. No matter where found, however, even in the most 
remote parts of the Adirondack Mountain region, one may confidently 
expect to find them infested by the cherry fruit flies. 

That the fruit flies are well adjusted to these wild hosts is indicated 
by the readiness with which the fruit is attacked and the heavy in- 
festations of maggots that may be observed, as well as by the relatively 
high percentage that transform to adults. That these insects are perhaps 
more completely adjusted to their native hosts than to the cultivated 
cherries is suggested by the readiness with which the flies oviposit in 
their fruits. In the case of the cultivated cherries it often happens that 
only a relatively small percentage of the oviposition punctures are found 
to actually contain eggs, while in the wild fruits the ratio is reversed and 
eggs are commonly found to have been placed in most of the punctures 
made by the females. 

In cultivated cherries the fruit fly larvae are generally surrounded by 
an abundant supply of food, as a rule greatly in excess of the actual needs 
of the insect. In comparison with cultivated varieties the fruit of P. 
pennsylvanica is very small and one might be inclined to doubt the ability 
of an insect the size of R. fausta to complete its development in a cherry 
of this size. That the species is not seriously handicapped by the size of 
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the individual fruits is indicated by the readiness with which it breeds 
in this variety and the size of many of the resulting individuals. While 
it is true that very many of the flies reared from bird cherries are small 
and appear to have developed in a single fruit, many on the other hand 
are fully as large as any that have been reared from the cultivated 
cherry. This is not difficult to account for since the larvae are not 
necessarily confined to the original fruit in which the egg was deposited, 
but have been found to migrate freely from infested to clean fruit in the 
same cluster, particularly when the fruits are in direct contact. The tend- 
ency to shift from infested to clean fruit does not appear to be so common 
in thecase of R. citngulata breeding in the black cherry, possibly because 
the larger sizeof the fruit affords the larvaa more liberal supply of food. 

While both P. pennsylvanica and P. serotina have been found to serve 
as important food plants for the cherry fruit flies, the host preferences 
displayed by these insects is rather surprising. Where either species 
of fruit fly will attack the two introduced, cultivated cherries (P. avium 
and P. cerasus) with equal readiness, their relations to the native wild 
cherries appear to be much more sharply defined. R. faustaseems to be 
confined strictly to the bird cherry (P. pennsylvanica), never having 
appeared in any of our rearings from the native rum cherry, while 
cingulata on the other hand seems to be just as closely restricted to P. 
serotina and has never so far been recovered from the fruit of P. pennsyl- 
vanica; altho the rearing records in both cases are based on a large 
volume of fruit taken from widely separated localities. 

The common names applied to the cherry fruit flies that are now in 
general use are fairly descriptive and therefore serve a useful purpose. 
As supplementing these accepted common names, however, that of bird 
or fire cherry fruit fly as applying to R. fausta and rum cherry fruit fly 
in the case of cingulata might well be suggested on account of the clear- 
cut host relationship that exists between these insects and their native 
food plants and the obvious bearing this may have on the prevalence of 
either species in a given locality as well as on the measures that may 
have to be adopted in the carrying out of any control program. 

It may be of interest to note here that of the two cherry fruit flies, R. 
fausta, the species that regularly appears first in cultivated cherry 
orchards, is the one that in nature is associated with the early maturing 
P. pennsylvanica; R. cingulata, on the other hand, being confined to the 
later ripening P. serotina. 

As is indicated in Table 1 adults of the cherry fruit flies were recovered 
from but a relatively small proportion of the fruits in this series. Fruit 
fly eggs, however, and sometimes maggots as well, were often encount- 
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ered in a considerable proportion of the fruits from which neither mature 
larvae or adults were recorded. Of this series of nearly forty fruits it will 
be noted that Rhagoletis adults were recovered from but fourteen, while 
only five closely related fruits yielded adults of the cherry fruit flies. 
Rhagoletis eggs, however, were observed in a large part of the series, 
thirty in all, and it is evident that our common fruit flies will oviposit in 
a much more extensive group of fruits than might be indicated by rear- 


ing records alone. 


RECORD OF EXAMINATION OF PossiBLE Host PLANTS FOR PRESENCE OF CHERRY 
Fruit Fires (R. fausta anv R. cingulata) 
Eggs or Other species 
Rhagoletis Rhagoletis larvae of of Rhagoletis 
Host plant fausta cingulata Rhagoletis reared 


Prunus avium...... 

Prunus cerasus..... 

Prunus mahaleb 

Prunus tomentosa. 

Prunus virginiana 

Prunus serotina 

Prunus pennsylvanica 

Prunus triflora 

Prunus domestica 

Prunus americana 

Prunus hortulana 

Cornus canadensis. . . 

Cornus stolonifera 

Cornus paniculata 

Viburnum opulus. ... 

Viburnum lentago. . 

Viburnum alnifolium 

Rhamnus cathartica........ 

Rhamnus alnifolia 

Sambucus canadensis 

Vitis labrusca. .. 

Psedera quinquefolia 

Lonicera sempervirens. ... .. 

Lonicera canadensis. . ; 

Ribes rotundifolium. . 

Ribes grossularia. . 

Ribes floridum.... .. 

Ribes vulgare 

Malus malus 

Malus baccata 

Crataegus melanocarpa 

Juglans nigra. . 

ke eg see racemosus. . 
accinium pennsylvanicum 

Vaccinium corymbosum. .. . 

Vaccinium macrocarpon.. . . 

Berberis vulgaris 

Elaeagnus multiflora. ...... 

Shepherdia argentea........ —_ — 
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By no means all the oviposition records indicated in Table 1 represent 
eggs deposited by the cherry fruit flies, but certainly these species will 





April, '33] GLASGOW: HOSTS OF CHERRY FRUIT FLIES 437 


deposit eggs readily in fruits where there is little or no chance of the 
insects completing their development. 

In addition to the Prunus recorded in Table 1 which serve as well 
defined hosts for the cherry fruit flies, these insects have been observed 
ovipositing in the fruit of Cornus, Lonicera, Japanese and American 
plums, Ribes vulgaris, and Symphoricarpos. 

It might be of interest here to go into somewhat more detail than 
indicated in the table in considering the breeding records from Cornus. 
It was at first thought highly probable that Cornus stolonifera might 
prove an important host for Rhagoletis fausta since a large group of this 
Cornus which was under observation happened to be located in a badly 
infested cherry orchard and showed a typical fruit fly infestation of from 
30 to 40 per cent. Later rearing records, however, revealed only adults 
of Rhagoletis tabellaria' and indicated strongly that this fruit does not in 
any case serve as a host for the cherry fruit flies, for there was ample 
opportunity in this orchard as well as in other similar cases for the fruit 
to have become infested if this were possible. Rhagoletis tabellaria is of 
special interest here because the species was first recorded by Fitch* who, 
in his original description of the species records it as having been taken 
from a cherry orchard, and the species has been mentioned occasionally in 
subsequent reports as possibly infesting the cherry. Our rearing records 
do not bear this out, for extensive rearing tests have been carried on with 
cherries growing near heavily infested groups of Cornus and tabellaria 
has never been recovered in a single instance. 

It is apparent that R. tabellaria is strictly a dogwood fruit fly, while 
on the other hand it is equally apparent that the cherry fruit flies do not 
breed in the fruit of Cornus; at least not to any appreciable extent. 

While these studies are not complete enough as yet to insure the 
finality of some of the negative findings recorded, and while there may 
well be other important host plants among the many wild Prunus occurr- 
ing in other parts of the range of these insects that we have had no 
opportunity to study, it would appear from the results so far secured 
that in New York at any rate and from a practical standpoint, P. 
serotina and P. pennysylvanica are the only wild, native hosts of the 
cherry fruit flies that need be given serious consideration. 


Mr. Hutson: I might say Mr. Glasgow’s findings in the case of the 
cherry fruit flies infesting wild hosts are in substantial agreement with 
the findings we have for the wild hosts of the cherry fruit fly in Northern 
Michigan. 


‘Identified through the kindness of Dr. J. M. Aldrich. 
*Fitch. Rept. Nox. & Benef. Ins. N. Y., I, p. 66, 1856. 
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Another point that occurs to me at this time is that I have heard no 
one mention the wild host plants of Rhagoletis pomonella. I have 
collected a gallon of hawthorn berries from an isolated tree on a golf 
course near Lansing, taken them in, and secured over 200 specimens 
from that gallon. We have records from all over the state similar to 
that. The so-called English hawthorn, an ornamental, and Paul’s 
scarlet thorn also served as hosts. 


A FIELD AND LABORATORY TECHNIQUE FOR TOXICO- 
LOGICAL STUDIES OF THE CODLING MOTH’ 


By E. H. Srecter and Francis MuNnGeER, United States Bureau of Entomology 
ABSTRACT 

The ‘‘apple plug’’ method, as described in this paper, was developed for the purpose 
of minimizing certain difficulties experienced in insecticide tests against the codling 
moth. In using the ‘‘apple plug’’ method, small plugs of apple, uniformly sprayed 
with the insecticide under test, are sealed in glass cylinders. One codling moth egg is 
confined with each plug and, upon hatching, the larva encounters the insecticide as it 
attempts to gnaw its way through the skin of the fruit. 


In September, 1929, the senior author issued a mimeographed paper 
describing the “‘apple plug’ method as a result of developing a technique 
which seemed worthy of trial in connection with insecticide studies 
against the codling moth.’ 

It is the purpose of the present paper to discuss the work further and 
to present data since obtained using the technique herein described.* 

In an endeavor to reduce the losses occasioned by the codling moth, 
many tests of insecticides have been made, both in the field and in the 
laboratory. In the field the usual practice has been to lay out plats 
in apple orchards and to spray them in accord with a predetermined 
program. The drop fruit has been examined throughout the season and 
the harvested fruit inspected as soon as picked. 


‘The writers are indebted to J. B. Gahan and Miss E. J. Lamond for assistance in 
carrying out these studies. 

*During the season of 1931, Lathrop and Sazama conducted a laboratory-field test, 
closely following the plan proposed in the original paper by the senior author. These 
workers, however, used entire apples as sample fruit and placed on each apple 10 
newly hatched larvae of the codling moth. They used ‘‘a ring of sticky banding 
material about the calyx of each apple to prevent the larvae from escaping via the 
supporting wire.’’—F. H. Lathrop and R. F. Sazama, A laboratory-field method 
for the study of the efficiency of codling moth sprays. Journ. Econ. Ent., Feb., 1932. 

‘We have also used this method in connection with the oriental fruit moth on 


peach, quince, and apple. 
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As a result of certain conditions in the field some of our data were un- 
avoidably disappointing and at times misleading. Although the work 
was well planned and executed, the data frequently failed to indicate 
with scientific accuracy some of the primary objects of the experimen- 
tation, namely, the comparative value of the insecticides and the merits 
of different spray schedules. 

The heterogeneity of plats, as influenced by initial differences in the 
insect population, and subsequent variations because of moth migration; 
proximity to abnormal sources of infestation; natural enemies; and crop 
yield variants have largely been responsible for most of the discordant 
data. 

Certain of the objectionable features of the field methods quite gen- 
erally used, including some which have contributed to field hetero- 
geneity, may be specified as follows: 

(1) The necessity of repeating the same tests annually over a con- 
siderable period. 

(2) The necessity of using large plats. 

(3) The loss of a season’s work when insect infestation was very 
light. 

(4) Examination and inclusion of drop fruit, with its somewhat 
questionable contributory value. 

(5) The rush of taking harvest results and consequent chances for 
inaccuracies. 

(6) Variance because of blemished fruit, as scab cracked, frost 
pitted, and curculio and hail marked. 

(7) Lack of timely data as to when fruit is inadequately protected by 
spray material. 

(8) Lack of data on the effect of removal of spray material by un- 
usually heavy rains. 

In the insecticide tests in the laboratory most of the studies have been 
confined to the spraying of picked apples, on each of which were placed a 
number of newly hatched codling moth larvae. With this procedure we 
have experienced the following difficulties: 

(1) In making a uniform spray coverage over the entire surface of 
the apple. 

(2) In obtaining a high or uniform infestation on the unsprayed fruit 


used as checks. 
(3) In determining the percentage of cannibalism among larvae. 
(4) In locating the numerous larval entrances. 
(5) In finding unblemished fruit for the tests. 
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(6) Mortalities resulting from the use of a sticky material either to 
restrict the movements of the larvae or to prevent their escape from the 
suspended fruit. 

The plan of using the field-laboratory method herein proposed for 
nonvolatile sprays is briefly as follows: 

(1) Lay out the plats in the usual way, except on a smaller scale. 

(2) Spray in the usual way and in accord with the customary sched- 
ules. 

(3) Provide an ample supply of codling moth material for rearing 
purposes. 

(4) At stated intervals throughout the season visit experimental 
plats and remove sample apples from lower, middle, and upper sections 
of the count trees. Plug the fruit while in the field and bring it to the 
laboratory in special carrying vials to avoid rubbing of the sprayed 
surface. 

(5) Test side, calyx, and stem plugs from each plat. 

(6) At the laboratory seal each apple plug in a vial provided for the 
purpose (7 /8 inch inside diameter by 2 inches in length). 

(7) After the apple plug has been properly sealed in the vial, place in 
each vial a codling moth egg in the black-spot stage. 

(8) Examine the larvae for results in about 4 or 5 days from the time 
of hatching. 

Preparation of apple plugs in toxicological test against the codling moth: A, Remov- 
ing apple core with cork borer; B, removing apple plugs with short cork borer; C, 
glass cylinders, % inch by 2 inches, for holding apple plugs; D, apple plugs in 
carrier ready for spraying; E, automatic spraying apparatus used for spraying apple 
plugs for laboratory tests against the codling moth. See plate 22. 

Sealing sprayed apple plugs in toxicological study of the codling moth: F, using test 
tube to push down apple plug in cylinder; G, sealing plug with paraffin; H, sealing 
plug with lead resinate; J, covering raw end of plug with paraffin. See plate 22. 


The materials required for making tests, field studies, and laboratory 
studies are as follows: 

(1) Codling moth eggs, in the black-spot stage. 

(2) Apples: It has been found that the Stayman Winesap is suitable 
for purely laboratory tests because of the ease with which larvae pierce 
the skin. 

(3) Cork borer, used to remove the apple core (P1. 22, A) and a short 
cork borer (P1. 22, B) for cutting out apple plugs that will fit snugly into 
glass vials. 

(4) Glass cylinder, 2 inches in height (P1. 22,C) made from tubing 7 /8 
inches inside diameter. 











Plate 23 








I.—Covering raw end of plug with paraffin; J].—Incubation of codling moth eggs in a 
battery jar; K.—Cutting out eggs deposited on wax paper; L.—Transfer of egg to 


vial containing apple plug; M.—Hold‘ng rack for completed vials; N.—Cleaning 
vial; O.—Wiping vial. 
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(5) Test tube (Pl. 22, F) used to push the plugs into the vials. The 
sprayed surface is unmarred, as the rim of the plug touched by the test 
tube is covered subsequently with paraffin and lead resinate in the seal- 
ing process. 

(6) A spray gun of the paint-sprayer type (PI. 22, E), operated by 
compressed air under constant pressure, is used for spraying the plugs 
for laboratory tests. 

(7) A revolving endless belt (Pl. 22, E) for laboratory tests, driven by 
a motor, is used to carry the plugs (10 at a time) through the spray. 
Thus a uniform covering is obtained on each plug. 

(8) Sealing materials: Paraffin, lead resinate, absolute alcohol, used 
for sealing the plug in the vial. 

(9) Electric hot plate, (P1. 22, G) for melting paraffin. 

(10) Electric fan, for drying the sprayed plugs. 

(11) Small camel’s hair brushes, for painting the paraffin and lead 
resinate on the plug in sealing it to the vial (Pl. 22,G & H). 

(12) Miscellaneous: (A) Circular piece of fine mesh sheeting, 2 inches 
in diameter; (8), scalpel for examining fruit for larval entrances; (C), 
hand lens to aid in examining plugs. 

Plugs to be used for laboratory insecticide tests should be prepared in 
the following manner: 

(1) Unsprayed apples are preferable but if these are not available 
thoroughly wash the apples in 1 per cent solution of hydrochloric acid to 
remove the arsenical residue. 

(2) Remove cores (Pl. 22, A). 

(3) Cut plugs from unblemished surfaces of the apples. (PI. 22, B). 

(4) Insert plugs in the vials so that the cut edge of the apple skin is 
flush with the top edge of the vial. (Pl. 22, D). 

(5) Spray the apples with the material to be tested. (PI. 22, E). 

(6) Dry the plugs by means of a fan. 

(7) Push the plugs down about % inch in the vial by means of the 
open end of a close-fitting test tube so as to prevent rubbing the sprayed 
surface. (Pl. 22, F). 

(8) Seal the edge of the apple skin to the vial with a brush dipped in 
hot paraffin. (Pl. 22, G). 

(9) Paint the paraffin with two coatings of a solution of lead re- 
sinate in alcohol using 25 grams of lead resinate in 100 cc of solution 
(Pl. 22, H), allowing 5 minutes between coatings. This adds a hard 
glazed covering to the paraffin which prevents the larvae from boring 
through the paraffin seal. Allow 15 minutes before placing the eggs in 
the vial. 
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(10) Pour a small quantity of hot paraffin over the raw end of the 
plug. (PI. 22, J). This precaution prevents the growth of bacteria and 
fungi. 

The plugs are now ready for the reception of the codling moth egg 
(black-spot stage). The following materials and methods are em- 
ployed: 

MATERIALS 

(1) A large supply of codling moth larvae, cocooned in corrugated 
paper. In order to insure the issuance of moths when needed, the supply 
of overwintering larvae should be held in cold storage at about 32° F. 

(2) Screen cages, 4 feet wide by 2 feet high by 2 feet deep, with 14- 
mesh wire screen tacked to the inside of the wooden frame so that no 
wood is exposed. The covering of the frame with screen causes the moths 
to deposit practically all eggs on sheets of wax paper. 

(3) Wax paper (ordinary wrapping paper obtained in rolls 12 inches 
wide by 40 feet in length). A full-width sheet on which the moths will 
oviposit freely is placed vertically along the top edge of the back side 
of the cage. The back side of the cage should be toward the light of 
greatest intensity. 

(4) Scissors and tweezers. 


METHOD 


A considerable number of moths is usually required if a large number 
of eggs is desired. In general, we have maintained in the cage a moth 
population of from 200 to 300. 

Toxicological test against the codling moth: J, incubation of codling moth eggs in a 
battery jar; K, cutting out eggs deposited on wax paper; L, transfer of egg to vial 
containing apple plug; M, holding rack for completed vials. See plate 23. 

The wax paper with the eggs should be removed daily and the sheets 
should be cut into smaller pieces and placed during the incubation 
period ina glass battery jar with moist sand. (Pl. 23, /). Inthe summer 
season approximately 4 to 6 days are required for the eggs to reach the 
black-spot stage. On about the fifth day, or when the black-spot stage 
has been reached, the individual egg should be cut out with a pair of 
scissors. (Pl. 23,K). Each piece of paper bearing an egg should be 
about 0.5 centimeter square. One egg should thus be prepared for each 
plug. (Pl. 23, L). 

The final steps in completing the plugs are as follows: 

(1) The egg on the small piece of wax paper is picked up with a pair 
of tweezers. With the egg side away from the glass, the paper should 
be placed in contact with the paraffin coat on the side of the vial just 
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above the apple. With this procedure there can be no question as to the 
larva’s being newly hatched. The importance of using a larva fresh in 
the strictest sense can hardly be overemphasized, as the older a larva 
is the smaller will be its chance of having enough vitality to enter the 
fruit. 

(2) Cover the vial with a circular piece of sheeting cloth and fasten 
it in place with a rubber band. 

(3) Set the plugs aside in a holder (PI. 23, M) until time for ex- 
amination. The plugs should be protected from the sun. 

(4) At the time of examination remove the covers and examine the 
plugs for the number of entrances, mortalities, and stings. These results 
should be scored in a manner similar to that used in the tables pre- 
sented in this paper. 

Care of vials used in toxicological test against the codling moth: N, cleaning vial; 

O, wiping vial. See plate 23. 

The vials can be readily cleaned by immersing them in gasoline (PI. 23, 
N) and then rinsing them in hot soapy water, followed by hot water, and 
finally wiping them with cheesecloth. (PI. 23, 0). 

It is estimated that one person can test 100 larvae in a period of 4 
hours. 

The following tables give the results of experimental work: 


TABLE 1. DATA RELATIVE TO THE ENTRANCE OF CODLING Motu LARVAE IN 
UNSPRAYED Fruit, USING THE ApPPLE-PLUG METHOD, 1931 


Number of Number of Number of Percentage of 
Date experiment started larvae larval entrances stings larval entrances 
Aug. 1 45 43 l 95.5 
Aug. 3 30 26 3 86.7 
Aug. 4 20 17 l 85.0 
Aug. 5 30 28 0 93.3 
Aug. 6 28 26 0 92.8 
Aug. 14 20 18 1 90.0 
Aug. 17 30 30 0 100.0 
Aug. 18... 17 17 0 100.0 
Aug. 20 17 14 3 82.3 
Aug. 22 26 26 0 100.0 
Sept. 3... 48 46 0 95.8 
_ sa 29 28 0 96.5 
Sept. 9.. 30 30 0 100.0 
Sept. 10... = 40 40 0 100.0 
Sept. 19... 20 18 0 90.0 
Total 430 407 9 Avg. 94.6 


It will be noted in Table3 and in Figure 36 that variations in the per- 
centage of larval entrance were found in each experiment. Two factors 
that may cause these variations are in constant operation: (1) Spot 
coverage of spray and (2) individual differences in the behavior of the 
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TasBLe 2. Data RELATIVE TO THE ENTRANCE OF CODLING MoTH LARVAE IN 
UNspPRAYED Fruit, Usinc THE ApeLe-PLUG MEtTHop, 1932 


Number of Number of Number of Percentage of 
Date experiment started larvae larval entrances stings larval entrances 
113 99 3 87.6 
42 41 0 97.6 
98 97 
16 15 
31 31 
61 58 
19 19 
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larvae during the pre-entrance period. Both of these factors merge 
into the element of chance with respect to the quantity of poison that 
adheres to the mouth parts and is consumed during the process of in- 
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Fic, 36.—Relation of dosage of lead arsenate to percentage of codling moth 
larvae entering sprayed and unsprayed apple plugs. 
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NAPHTHALENE AS A FUMIGANT FOR THE IMMATURE 
STAGES OF CLOTHES MOTHS AND CARPET BEETLES 


By GLenn W. Herrick and Grace H. Griswoip, Cornell University 
ABSTRACT 


Naphthalene, in the form of flakes and of moth balls, has been used as a fumigant 
for the immature stages of clothes moths and carpet beetles in a series of experiments 
extending over a period of several months. Naphthalene flakes at the rate of from 2 
to 3 ounces to 5 cu. ft. proved toxic to the eggs and larvae of clothes moths when 
confined, for a sufficient length of time, in a tight trunk or in a box. Moth balls at 
the rate of 8 ounces to 5 cu. ft. proved toxic to the larvae of clothes moths when con- 
fined in a tight box for a considerable period of time. The results with the immature 
stages of carpet beetles were only partially satisfactory. 


The authors, in continuation of their work with fumigants for the im- 
mature stages of clothes moths and carpet beetles, have, for the past 
year, been conducting a series of experiments to determine the toxic 
effect of naphthalene on the eggs and larvae of these household pests. In 
these investigations over 500 larvae and 278 eggs of the clothes moth 
and 170 larvae of carpet beetles have been used. The experiments have 
been carried out at ordinary room temperatures, recorded on a maximum 
and minimum thermometer. A thermograph was not considered 
practical because each experiment had to run for a considerable period of 
time. It seemed desirable to determine the effect of naphthalene on the 
immature stages of these common pests under conditions similar to 
those of an average household. The moth concerned in these ex- 
periments was the common webbing clothes moth, Tineola bisselliella. 
The carpet beetles were the black one, Attagenus piceus, and the varied 
species, Anthrenus verbasct. 

Types OF FUMIGATION CHAMBERS.—Some of the tests were con- 
ducted in an ordinary flat-topped, box trunk. It is an old one, yet is 
tight and in good repair. It contains just about 5 cubic feet. Other 
tests were conducted in a galvanized iron box (30 inches long, 18 inches 
wide and 16 inches deep) containing 5 cubic feet. It is fitted with a 
cover having a flange on the edge, % inch wide, which fits into a gutter 
running around the top edge of the sides and the ends. This box forms a 
very tight receptacle, probably somewhat nearer air-tight than the 
trunk. 

Types or Larvat CaGes.—In all of the experiments the larvae were 
confined in cylindrical pasteboard cartons, 3% inches in diameter and 
13 inches in depth. Circular openings, 2 inches in diameter, were cut 
in the tops and the bottoms of the cartons and, in addition, rows of 
small holes were punched around the sides. Pieces of fine cheese cloth 
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were pasted securely over all of the openings. In order to make con- 
ditions normal for the insects, squares of flannel and pieces of feathers 
were placed in the cages. To prevent overcrowding, only five larvae were 
put in each container. This type of cage has proved very satisfactory 
for confining larvae during fumigation experiments. 

DETERMINATION OF REsULTS.—In every case the cartons containing 
the larvae were removed at the end of the fumigation and allowed to 
remain undisturbed for one week. At the end of this period the five 
larvae in each carton were carefully examined for signs of life. The 
checks consisted, in each instance, of similar cartons, each containing 
five larvae and a similar supply of food. The check larvae, in their 
cartons, were placed in a cupboard in the same room in which the fumi- 
gation was conducted, and were allowed to stand for the same length of 
time as those undergoing fumigation. 

EXPLANATION OF THE TABLES.—The results of the fumigations can 
best be given by organizing the data in tabular form. The following five 
tables include the experimental data in a brief, concise manner and 
need very little explanation. In every case the trunk or the box was 
filled about two-thirds full of clothing. The pasteboard cartons con- 
taining the larvae were placed in the middle layer of this clothing and 
always wrapped in the folds of a garment. Thus the cartons were well 
buried among the clothing. 


TABLE 1. Errect oF NAPHTHALENE FLAKES ON LARVAE OF THE WEBBING CLOTHES 
Motu WHEN CONFINED IN A GALVANIZED [RON Box OR IN A TRUNK 


Amt. Amt. Num- 

used Time evap. ber Results* Checks* 
in Con- How in in Temp. larvae Not Not 
grams tainer placed days grams (F.) used Dead dead Dead dead 
85.02 Box Tin 2 — — 10 =: 0 2 ; ee 
170.04 Box Tin 12 3.60 61°-81 10 9 l-a — 
86.68 Box Tin 14 398 75°82 2 2 Oo 0 4 #8 

2-; 2- 
56.68 Box Tin 14 3.58 68°80° 2 17 sit 2 4 = 
2k AD 9 9D fRo_te or o )2-a > 7-a 
85.02 Box Tin 21 2.52 66°-72 25 22 \i-m ” 4 ln 
> « "kT: ‘ »* O« —f\°0 WE ‘ 17 J)8-a 5-a 

> 

85.02 Trunk Tin 21 6.32 70°-75 30 l-p )4m 4 . e 
85.02 Trunk Loose 14 1634 70-75" 10 10 0 4) 7a 
85.02 Trunk Loose 21 20.82 66°-71° 25 .25 0 .. 
113.36 Trunk Loose 14 21.36 68°-78 30 30 0 l 9-a 
85.02 Trunk Loose 21 15.50 62°-73 40 40 0 I 9-a 
85.02 Trunk Loose 14 17.00 54°-70 50 49 l-a l-p I4a 


*a, active; f, feebly alive; m, missing; p, killed by parasites. 
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In Table 1 the naphthalene in the first six fumigations was placed 
each time in a shallow pie tin which was set on top of the clothing the 
last thing before closing the lid. In the last five fumigations the flakes 
were scattered among the different layers of clothing, both below and 
above the cartons containing the larvae, but never in direct contact 
with them. 

It will be noted that the naphthalene, when placed in a pie tin, did not 
always kill all of the larvae, although the results were good, except in the 
6th fumigation where 30 larvae were used of which 8 remained alive and 
active. This particular experiment was conducted in the trunk which is 
probably not as tight as the box. In every case in which the flakes were 
scattered among the clothing, all of the larvae were killed, except a 
single individual in the last lot of 50. These results are certainly gratify- 
ing. It will also be noted that 3 ounces of flakes to 5 cubic feet, allowed 
to remain for a period of from 2 to 3 weeks, is effective under the con- 
ditions described. Evidently the flakes, when scattered, volatilize more 
rapidly than when massed in a receptacle. Thus the gas probably 
becomes more concentrated in the container and consequently more 
effective in destroying the larvae. 

Naphthalene appears to act slowly on the larvae for they remain active 
some days after the fumigation is begun. When the cartons were 
opened at the close of each experiment it was noted that a considerable 
amount of webbing was present on the pieces of flannel. Often the 
larvae were found enclosed in heavily spun cases. 


























TABLE 2. Errect or Motu BALLS ON LARVAE OF THE WEBBING CLOTHES MOTH 
WHEN CONFINED IN A GALVANIZED [RON Box 







Amt. Amt. Num- 
used Con- Time evap. ber Results* Checks* 
in How in in Temp. larvae Not Not 






grams tainer placed days grams (F.) used Dead dead Dead dead 


226.72 Box Loose 21 25.72 64°82 2 16 439 0 ba 





226.72 Box Loose 28 23.12 67°-77° 40 40 0 2 {im 


226.72 Box Loose 28 4.40 68°-75° 50 49 Il-m 10-p 5-a 
*a, active; m, missing; p, killed by parasites. 







In Table 2 are presented the brief results of three fumigations of 
clothes moth larvae with so-called ‘‘moth balls’’' purchased at a 5 and 
10-cent store. The results were rather surprising and significant. It 
will be noted that, out of the 110 larvae used in the experiments, only a 
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: IDr. L. R. Streeter, chemist of the N. Y. State Agric. Expt. Station at Geneva, very 
kindly tested the moth balls used in the experiments. He says, ‘‘They are pressed 
naphthalene crystals, melting point 79° to 80° C., same as for pure naththalene.” 
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single individual was found alive and active after an exposure of from 3 
to 4 weeks. Unfortunately four larvae were missing and could not be ac- 
counted for. Very small quantities of the material in the moth balls 
volatilized, even through the long period of four weeks. 


TABLE 3. Errect OF NAPHTHALENE FLAKES ON EGGS OF THE WEBBING CLOTHES 
Motu WHEN CONFINED IN A GALVANIZED [RON Box oR IN A TRUNK 


Amt. 
used 
in 


Con- 


How 


Time 


in 


Amt. 
evap. 
in 


Temp. 


Num- 
ber 
eggs 
used 


Results* 


Not 


(F.) Hatched hatched Fertility 


68°-80° 90 0 90 Fertile 
70°-75° 5 0 5 Fertile 
66°-71° 54 0 54 Fertile 


62°-73' 127 Fertile 


placed days 


Tin 14 
Tin 21 


Loose 21 


21 


grams _ tainer 


56.68 Box 
85.02 Trunk 
85.02 Trunk 


85.02 Trunk 


*m, missing. 


grams 
3.58 
6.32 
20.82 
15.50 


Loose 


129 0 2 


Little need be said of Table 3. A brief glance will show that all of the 
eggs in the four experiments listed were killed by the naphthalene 
whether it was massed in a tin or scattered loosely among the clothing. 
The eggs used in these experiments were laid by individual females, each 
confined in a separate vial with a small piece of flannel. Eggs laid 
by a moth on one day were used in the fumigation experiments, while 
eggs laid by the same moth on the following day were retained as checks. 
Wherever eggs, kept as checks, failed to hatch, it was assumed that they 
were not fertile. Therefore, no eggs laid by a female, whose eggs failed 
to hatch in the check, were considered in any of the experiments. If 
the eggs of a moth in the check hatched, it seems fair to assume that the 
fumigated eggs, laid by the same female, were also fertile. While under- 
going fumigation the eggs were in uncorked vials placed in an open wire 
basket. This basket, containing the vials of eggs, was wrapped in one 
of the garments with which the box or the trunk was filled. 


TABLE 4. Errect OF NAPHTHALENE FLAKES ON LARVAE OF THE BLACK CARPET 
BEETLE WHEN CONFINED IN A GALVANIZED IRON Box OR IN A TRUNK 


Amt. 
used 
in 
grams 


85.02 


Con- 
tainer 
Box 
Trunk 
Box 
Trunk 
Trunk 


*a, active. 


How 
placed 
Tin 
Tin 
Loose 
Loose 
Loose 


Time 


in 
days 
21 
21 
14 
21 
14 


Amt. 
evap. 
in 
grams 

2.52 
6.32 
20.82 
19.02 


Temp. 
(F.) 
66°-72 
70°—75 
70°-78 
66°-71 
68°-78 


Num- 
ber 
larvae 
used 
20 
20 
15 
20 
20 


Results* 


Dead 


l 
0 
13 
17 
19 


Not 
dead 
19-a 
20-a 
2-a 
3-a 
l-a 


Checks* 
Not 
Dead dead 


0 10-a 
0 5-a 
0 10-a 
0 5-a 


It is evident from the data in Table 4 that naphthalene is not as toxic 
to the larvae of the black carpet beetle, Attagenus piceus, as it is to the 
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larvae of the clothes moth. In the first two fumigations, in which 3 
ounces of the flakes were placed in a tin and allowed to remain three 
weeks in a closed receptacle, only a single larva, out of a total of 40, was 
killed. On the other hand, when the flakes were loosely scattered 
among the clothing, the results were much more satisfactory. Out of a 
total of 55 larvae in the last three experiments, 49 were killed. It is of 
interest to note that 8 ounces of the flakes were no more effective than 3 
ounces. It seems certain that the larvae of the black carpet beetle are 
more resistant to the toxic effect of the naphthalene gas than are the 
larvae of clothes moths. 


TasBLe 5. Errect or NAPHTHALENE FLAKES ON LARVAE OF THE VARIED CARPET 
BEETLE WHEN CONFINED IN A GALVANIZED IRON Box oR IN A TRUNK 
Amt. Amt. Num- 
used Time evap. ber Results* 
in Con- How in in Temp. larvae Not I 
grams tainer placed days grams (F.) used Dead dead Dead dead 


226.72 Box Loose 14 —— 70°-78° 15 4 lla 0O 5-a 
85.02 Trunk Loose 21 15.50 62-7387 2 1 413% 0 5a 

*a, active; m, missing. 

The data in Table 5, although brief, indicate that the larvae of the 
varied carpet beetle, Anthrenus verbasci, are more resistant to the naph- 
thalene than are those of the black carpet beetle. It will be noted that, 
out of a total of 35 larvae fumigated, only 5 were killed, even when the 
flakes were scattered loosely among the clothing. Although the ma- 
jority of the larvae were found alive at the end of each experiment, they 
had certainly been affected, to some extent, by the naphthalene fumes. 
This was evident when a comparison was made between the activity 
of the larvae in the fumigated cartons and of the larvae in the check 
cartons. The larvae in the check cartons ate many holes in the pieces of 
flannel and feathers which had been provided for food. The fumigated 
larvae, on the other hand, ate very little. 

REMARKS.—It seems clear that naphthalene, in the form of flakes or of 
moth balls, is toxic to eggs and larvae of the webbing clothes moth. The 
flakes, when scattered loosely among the clothing, appear to be some- 
what more effective than the moth balls. Naphthalene flakes are also 
toxic to the larvae of carpet beetles, although larvae of the varied 
carpet beetle appear to be much more resistant to the fumes than are 
larvae of the common black species. 

When the flakes of naphthalene are scattered loosely among the 
clothing, many of the crystals appear to deliquesce slightly. Such 
crystals stick, rather persistently, to the garments and are not easily 
brushed off, especially if the cloth is rough in texture. This annoying 
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feature can probably be obviated by scattering the flakes between 
layers of newspapers in order to prevent them from coming in actual 
contact with the garments. 


LOSS IN TOXICITY OF DEPOSITS OF ROTENONE AND 
RELATED MATERIALS EXPOSED TO LIGHT 


By Howarp A. Jones, W. A. Gersporrr, and E. L. Goopen, Bureau of Chemistry 
and Soils, and F. L. CAMPBELL and W. N. SuLLIVAN, Bureau of Entomology, 
U. S. Department of Agriculture 


ABSTRACT 

Rotenone, dihydrorotenone, rotenone hydrochloride, rotenone-bentonite (1:1), 
rotenone-lampblack (1:1), ground derris root, and powdered derris extract were each 
made into a paste with water and painted heavily on weighed glass slides. After the 
deposits had dried, the slides were weighed again. One group of slides was exposed 
to direct sunlight for ten days during April and May, a second group to sunlight for 
twenty days, a third group to arc-light for 240 hours, a fourth group of the three pure 
compounds only, to arc-light for 480 hours, and a fifth group was kept in the dark at 
room temperatures. 

The deposits on these slides were tested against culicine mosquito larvae and gold- 
fish to determine the percentage loss of toxicity resulting from exposure to light. In 
all cases the exposed deposits were decidedly less toxic than the unexposed and, with 
one exception, the loss of toxicity increased with increasing exposure. 

Rotenone, rotenone-bentonite, derris root, derris extract, and rotenone hydro- 
chloride lost more than half of their toxicity during ten days’ exposure to sunlight. 
Their toxicity was practically destroyed by the exposure to arc-light. 

Since dihydrorotenone lost only one-fourth to one-third of its toxicity during the 
first ten days’ exposure to sunlight, it was distinctly more resistant to detoxication 
during this period than rotenone. However, at the end of twenty days in sunlight 
and after exposure to arc-light it had lost toxicity to about the same extent as rotenone. 

Lampblack markedly reduced the loss of toxicity of rotenone during the first ten 
days’ exposure to sunlight, and prevented further loss during the last ten days. It 
also gave some protection to rotenone under arc-light. Neither bentonite nor the 
substances occurring with rotenone in powdered derris root and derris extract pro- 
tected rotenone from loss of toxicity. 

The unexposed powdered derris extract containing about twenty-five per cent 
rotenone was as toxic to mosquito larvae as pure rotenone. 

It was shown that the photochemical decomposition of dry rotenone, which results 
in loss of its toxicity to insects and fish, does not take place in the absence of oxygen. 


Rotenone, which occurs in derris root and cube root, has been tested 
as a contact and stomach insecticide on a small scale against a number 
of species of insects (1)! and under certain conditions has proved to be 


‘This and certain other references in the present paper refer to a review of infor- 
mation on the insecticidal value of rotenone. Since this review contains information 
not published elsewhere, care should be taken to attribute the results mentioned to 


the workers named and not to the author of the review. 
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highly toxic to some species. Because rotenone is harmless to man and 
domestic animals when taken by mouth in small quantities (10), it is par- 
ticularly desirable to ascertain the proper methods for using it for the 
protection of plants against insect pests. Its value for this purpose is 
partly dependent on its stability after being sprayed or dusted on plants. 
Since statements in the literature and our own preliminary tests in- 
dicate that roterione is altered by light, a more thorough study of the 
effect of light on dry deposits of rotenone was considered necessary. 


REVIEW OF LITERATURE 

The decomposition of rotenone in solution in organic solvents, with 
accompanying loss of toxicity, has already been demonstrated (4, 7, 12, 
14). The fact that dry rotenone may also be changed by light was noted 
by Durham as early as 1902 (9). Tattersfield and Roach (14) found that 
crystals of rotenone become yellow when exposed to light. Small-scale 
tests of rotenone against the codling moth by Newcomer, by Hough, and 
by Lathrop (1) showed that the spray deposits lost a large part of their 
originally high effectiveness after several days’ exposure. The tests did 
not demonstrate definitely whether this loss was due to weathering or to 
chemical change of the rotenone, although the latter was strongly in- 
dicated. Experiments by Davidson and by Ginsburg (1) gave similar 
indications. 

Recently Moore (1) has found that fabrics impregnated with rotenone, 
although resistant to fabric pests when first treated, lose some of this 
resistance to attack when exposed to light. Fabrics kept in the dark 
retain resistance to attack. Moore’s tests also indicate that light rather 
than heat is responsible for the effects observed. The tests gave no data 
on the exact rate of loss of resistance to attack. 

Tattersfield (13) has recently shown that dry pyrethrum powders and 
dusts lose their toxicity rapidly on exposure to light. 


DEcoMPOSITION OF Dry Deposits on GLass 

CHANGE IN APPEARANCE OF ROTENONE.—Preliminary experiments 
showed that rotenone, painted on glass slides and allowed to dry, turns 
yellow after two or three days’ exposure to direct sunlight. Similar slides 
were kept in the dark for a month at 20° C. without change in appear- 
ance. Other slides were kept in the dark for about 400 hours at 100° C. 
Some of these deposits turned slightly yellow and all became slightly 
more transparent than the checks. These tests confirmed the observ- 
ations of previous workers that rotenone is changed by exposure to sun- 
light and showed that heat is not an important factor in the change at the 
temperatures produced by sunlight. 











i 
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NATURE OF DECOMPOSITION OF ROTENONE.—As already mentioned, 
rotenone in solution in organic solvents is oxidized to non-toxic, yellow, 
decomposition products. By analogy it was thought that the change 
occurring in dry rotenone deposits on exposure to light was also very 
probably an oxidation. To decide this point definitely, powdered 
rotenone was exposed to sunlight in an evacuated tube for about one 
month. The material was not changed in color. When air was ad- 
mitted to the tube the powder became deep yellow in color in less than a 
week of exposure to sunlight. This leaves no doubt that the change 
occurring when rotenone is exposed to light is an oxidation. It is quite 
probable that dehydrorotenone and rotenonone are the first products 
of the dry decomposition just as they are of the decomposition of ro- 
tenone in solution. 

REGION OF SPECTRUM CAUSING DECOMPOSITION OF ROTENONE.—In 
an attempt to determine what region of the spectrum causes this photo- 
chemical decomposition of rotenone, deposits on glass slides were ex- 
posed to a carbon arc-light under various light filters. These tests indi- 
cated that the deep violet region is the most effective portion of the 
visible spectrum in producing the change. From the results of these 
tests, the ultra-violet region does not appear to be as effective as the vis- 
ible violet. 

CHANGE IN APPEARANCE OF COMPOUNDS RELATED TO ROTENONE.—A 
deposit of the rotenone-carbon tetrachloride solvate colored much more 
rapidly than rotenone and at the end of an exposure to seventy hours’ 
sunlight it was deep orange-yellow. Dihydrorotenone, isorotenone, and 
acetyl rotenone all changed at about the same rate and were lighter in 
color at the end of the exposure than the exposed rotenone deposits. 
Dehydrorotenone, originally light yellow, changed to a very deep, 
golden yellow. Rotenol and dihydrorotenol, white reduction products of 
rotenone, remained white throughout the exposure. Unfortunately 
these two materials are much less toxic than rotenone. Deguelin and 
tephrosin changed from almost white to light or medium yellow in the 
same period of exposure. 


Loss oF Toxicity oF Dry Deposits on GLAss 
Deposits of rotenone that were yellowed by sunlight in the preliminary 
experiments were tested in comparison with pure rotenone against gold- 
fish and against two species of insects,? greenhouse whitefly larvae 
(Trialeurodes vaporariorum Westw.) and melon aphids (Aphis gossypii 


“Tests were made by W. M. Davidson, Insecticide Control Division, Food and 
Drug Administration. 
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Glov.). It was found that rotenone lost toxicity in proportion to the 
period of exposure. No loss of toxicity was found in the unexposed 
checks. Exposed dihydrorotenone was also tested against goldfish and 
appeared to be more resistant than rotenone to loss of toxicity. 

The principal toxicological tests, with which the remainder of this 
paper deals, were undertaken to study more thoroughly the rate of 
change in toxicity, particularly to insects, and to develop methods of 
preventing the loss. 

The materials exposed in these tests were rotenone, dihydrorotenone, 
rotenone hydrochloride, a mixture of rotenone and bentonite, a mixture 
of rotenone and lampblack, powdered derris root, and derris extract. 
The dihydrorotenone was used because of the smaller loss in toxicity on 
exposure, which had been found in preliminary experiments. The 
chemical structure of rotenone hydrochloride is similar to that of dihydro- 
rotenone, and it was thought that it might also resist change. The 
bentonite and lampblack mixtures were used in an effort to coat the 
rotenone with a protective material. The derris root and derris extract 
were tried to ascertain whether or not the rotenone might be naturally 
protected from photochemical change in these products. 

PREPARATION OF MATERIALS FOR ExposurRE.*—Rotenone: Two grams 
of pure crystalline rotenone was dissolved in 100 cc. of acetone and 
this solution added to four liters of distilled water with continuous 
stirring. Twenty cc. of ten per cent sodium chloride solution were added 
to this suspension. The rotenone separated quickly as a flocculent 
precipitate. It was washed several times by decantation, filtered by 
suction, and washed well on the filter with distilled water. The material, 
dried at 105° C., was pure white. Examination of this precipitated 
rotenone under the polarizing microscope showed that it consisted of 
very small non-crystalline particles. The melting point of this material 
was 159° C. 

Dihydrorotenone: Precipated dihydrorotenone was prepared in a 
similar manner. The dried material was pure white and consisted of 
non-crystalline particles of about the same size as the rotenone particles. 
The material had a melting point of 207° C., as compared with 216° C. 
for pure crystalline dihydrorotenone. 

Rotenone hydrochloride: Precipitated rotenone hydrochloride was 
pure white and composed of particles slightly larger than those im the 

‘Since preliminary experiments had convinced us that the change taking place in 
the diffused light of the laboratory in the time necessary for the preparations was 
inconsequential, it was not considered necessary to make the preparations in the 
dark. 
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precipitated rotenone. Faint double-refraction was detectable. Its 
melting point was 190° C., as compared with 193° C. for the original 
crystalline material. 

Rotenone-bentonite mixture: 0.1 gram of the precipitated rotenone 
previously described was throroughly mixed with 0.1 gram of bentonite. 

Rotenone-lampblack mixture: 0.1 gram of the precipitated rotenone 
was thoroughly mixed with 0.1 gram of lampblack. 

Derris root: A sample of derris root (Insecticide Division No. 402) 
containing 1.4 per cent rotenone and a total carbon tetrachloride extract 
of 7.6 per cent was used in these tests. The root was ground to pass a 
170-mesh sieve. 

Derris extract: About 80 grams of the ground derris root was complete- 
ly extracted, at room temperature, with acetone. The liquid acetone 
extract, amounting to about 400 cc., was added with stirring to four 
liters of distilled water, after which about 200 cc. of ten per cent sodium 
chloride solution were also added. The curdy precipitate which soon 
settled was washed three times by decantation. It was filtered by suc- 
tion, washed well with water, and dried for several days at room tem- 
perature. The product was a perfectly dry, light tan, impalpable pow- 
der. Under the microscope it was found to be entirely non-crystalline 


and composed of particles smaller in size than those of the precipitated 
rotenone. When analyzed by the carbon tetrachloride method (11) 
this material was found to contain 23.6 per cent rotenone. There is 
little doubt that some of the extractive material was lost in the washing 
of this material, since the wash waters were somewhat cloudy. How- 
ever, the object was not to obtain a quantitative extract but to produce 
a dry powdered material which might be considered to contain the 


major portion of the ingredients of the extract. 

Each of these materials was made to a paste with water as in the 
preparation of the preliminary exposure deposits, using 200 mg. of 
material to 4 cc. of water, except the derris root, in which case 200 mg. 
were mixed with 2 cc. of water. The pastes were ‘“‘painted”’ on previously 
weighed lantern slide cover glasses (34%4” x 4”) by means of a camel’s- 
hair brush. A narrow margin was left around the edge of the slide to 
prevent loss in handling. An effort was made to coat the derris root 
slides more heavily than the others because of the low rotenone content 
of this deposit. The deposits were allowed to dry thoroughly in the dark 
and the slides weighed again to determine the weight of the coating. The 
weights of the deposits are given in Table 1. 

One set of these slides was exposed to sunlight for ten days and an- 
other set for twenty days. They were covered by a thin sheet of cello- 
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phane to keep off dust. The exposure was made during the later part 
of April and the early part of May, for the period from 8 A. M. to 5 
P. M., on clear days only. Two other sets were exposed to a carbon arc 
at a distance of about one foot for 240 and 480 continuous hours, respec- 
tively.‘ The first of these periods was equivalent to two or three months’ 
outdoor exposure, the second to at least the time of the longest spraying 
schedule used in orchard spraying. Only the three pure compounds 
were given the 480-hour exposure. The slides of the remaining set were 
kept in the dark at room temperature as checks. 

At the end of the exposure periods the deposits were examined and 
reweighed, and toxicological determinations were made on both insects 
and fish. The per cent change in weight of the deposits is shown in 
Table 1. The appearance of the deposits and their loss in toxicity are 
discussed in a subsequent part of this paper. 

METHOD OF DETERMINING Loss or Toxicity To Mosquito LARVAE. 
—The small quantities of exposed deposits available (see Table 1) made 
necessary the adoption of special procedures for determining the loss of 
toxicity. All exposed deposits and the unexposed check deposit in one 
series were tested simultaneously in water at one and the same con- 
centration against a series of known concentrations of the pure com- 
pound or substance. The concentration of the deposits in water was 
made the same as that of the highest concentration of the original sub- 
stance. In the rotenone series, for example, all the deposits exposed to 
sunlight and arc-light and the unexposed check deposit were tested 
simultaneously against five concentrations of rotenone that covered the 
range of effect to be expected from the deposits. These tests were 
repeated every day until reliable mean figures were obtained for the 
survival period of 50 per cent of the larvae. The determiniation of loss 
in toxicity of the exposed deposits or ‘“‘unknowns’’ was based on a ratio 
of concentrations of “knowns” and “unknowns” causing the same 
survival periods. The method by which the determination was made is 
described at the end of this section. 

Since rotenone and related compounds are very slightly soluble in 
water, it was necessary to add acetone solutions of them to water in 
order to dissolve the substances quickly or to produce finely divided 
suspensions. In preliminary tests it was found that the larvae would 
tolerate acetone in water at 1:330. A concentration of 1:660 was adopt- 
ed and used in all tests to give a margin of safety. No mortality 
occurred in dozens of acetone checks that were run during the course of 
the work. 


‘The slides exposed to the arc attained a temperature of about 57° C. 
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In order to make up acetone solutions of the deposits at a known 
concentration, it was necessary to put the entire deposit on a slide into 
a known quantity of acetone. Preliminary tests on acetone tolerance 


TABLE 1. WEIGHT oF ExPoseD DEPoOsITs 
Insect tests Fish tests 
Orig. weight Gain or loss Orig. weight Gain or loss 


Material and exposure " < mg. % 


Rotenone— 
Sunlight, 10 days. . d : 15.5 
20 days..... . 16.5 
Arc light, 240 hours... . i 19.4 
480 hours. ... ‘ - 13.3 
Unexposed to light. . . 3. 16.3 


Dihydrorotenone— 
Sunlight, 10days......... - 16.7 
20 days... Py 10.3 
Arc light, 240 hours. . ee . 19.9 
480 hours. . 19.5 
Unexposed to light. . . ke 11.7 


Rotenone hydrochloride— 
Sunlight, 10 days. ... - ¢ 10.5 
ere - 17.6 
Arc light, 240 hours. ... ; - 17.4 
480 hours. . 13.6 
Unexposed to light. . . 15.2 


Rotenone-bentonite mixture— 
Sunlight, 10 days.... ; 25.7 
20 days.... , 18.8 
Arc light, 240 hours —30 12.6 
Unexposed to light. . +11 20.2 


Rotenone-lampblack mixture— 
Sunlight, 10 days. .... Licalts -32* 17.6 
20 days.... + 2 15.2 
Arc light, 240 hours —16 14.7 
Unexposed to light. . . None 16.3 


Derris root— 
Sunlight, 10 days........ + § 
20 days. ... + 4 
Arc light, 240 hours : -13 
Unexposed to light 


Derris extract— 
Sunlight, 10 days. ... 13.8 
20 days... 22.1 
Arc light, 240 hours ‘ 20.8 
Unexposed to light 24.0 
*Portion of glass slide chipped off. 


and on the effect of the original materials-showed that the deposits 
would have to be put into less than 5 cc. of acetone and generally into 
about 2 cc. Such small volumes could not be used quantitatively to 
remove the deposits. Consequently each deposit was scraped from the 
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slide, the slide was rinsed with a larger volume of acetone, and the de- 
posit and acetone were washed into a test tube. The acetone in the 
tube was then evaporated off, leaving most of the deposit as a cake at 
the bottom of the tube. A sample of the original material used in pre- 
paring the deposit was dissolved or suspended in acetone and evaporated 
in the same way so that possible loss in toxicity due to this process might 
be detected in subsequent tests. Such preparations were called ‘“‘evapo- 
rated checks.” 

Solutions or suspensions of the exposed deposits and of the unexposed 
and evaporated checks were prepared for the tests by addition of acetone 
by weight to the vacuum evaporated residues in the test tubes. The 
weight of acetone to be added was calculated on the basis of the original 
weight of the deposits on the slides. Since portions of some of the 
deposits were lost by volatilization during exposure and since some of 
the decomposition products were insoluble in acetone, the actual con- 
centrations of the solutions of the exposed deposits were in every case 
less than those calculated. The volatilized and insoluble portions were 
regarded as having lost all their toxicity and were treated in the calcula- 
tions as if they had been inert in solution. The acetone solutions of the 
original materials were made up by half-and-half dilution from the 
solution of the highest concentration. The volume of each of these 
known solutions was made 2 cc., which was about the average volume of 
the unknown solutions. 

The evaporated residues of a series were prepared a few days before 
the beginning of the tests of that series, and acetone was added to the 
tubes a few hours before the first tests. All tubes were stoppered with 
foil-covered corks and placed in a refrigerator to retard evaporation of 
acetone and to keep them in the dark when they were not in use. A 
tube was opened only for a few seconds at a time while the dose was 
being withdrawn. The period during which the tubes of a series were 
used did not exceed ten days. The tubes of the rotenone series were 
weighed from day to day to determine the rate of evaporation of ace- 
tone. Although about 5 per cent of the initial weight of the solutions 
was lost in four days, it was not considered necessary to correct the 
concentration by addition of acetone because the relative concentration 
of the more important solutions remained the same. 

Eggs laid by mosquitoes at large were collected daily on the grounds 
of the Takoma Park, Md., station. Methods of rearing and counting 
the larvae and of transferring them from one container to another 
are described elsewhere (3). Whenever possible, larvae in the early 
part of the fourth stadium were chosen for the tests. Larvae in the 
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third stadium and those near pupation could not be entirely avoided, 
however. Owing to the very distinct influence of age of the larvae on 
susceptibility and the impossibility of always selecting larvae of the 
same average stage of development, it was necessary to test the known 
solutions with every test of the unknown. Since the larvae to be used 
for a day’s work were mixed before counting them out and since knowns 
and unknowns were always tested simultaneously, it did not matter, 
for the purpose of this work, what species of larvae was used. However, 
several samples of adults were sent to Alan Stone, Bureau of Entomology, 
for identification. Culex pipiens L. and C. territans Walk. were found, in 
two cases mixed in the same sample. 

All tests, except those of the rotenone series, were made in 125-cc. 
Erlemeyer flasks containing 100 larvae in 100 cc. of distilled water, 
at least four tests of each material being made. The tests of the rotenone 
series were made in test tubes containing 10 larvae in 10 cc. of distilled 
water, and in this series 14 tests were made of each deposit. Since the 
former method differed little in technic and not at all in principle from 
the latter, the following description will be confined tothe flask method. 

A capillary pipette (2) having a bore of 0.622 mm. was used to with- 
draw the dose of acetone solution (0.152 cc.) from the tubes and to add 
it to the water containing the larvae in the flasks. Immediately after 
the addition of the solution the contents of the flask were mixed and it 
was placed in a water bath at 29.3 + 0.1°C. The time of dosing was 
recorded. 

Long before the larvae were killed by rotenone or related compounds, 
abnormal behavior was noted in treated flasks. In the checks the larvae 
tended to congregate in a ring at the surface about the walls of the flask. 
Some larvae moved about at or below the surface without wriggling, as 
if propelled by the vibrating mouth parts. In the treated flasks the 
larvae tended to distribute themselves uniformly under the surface of 
the water and did not glide about. Wriggling movements through the 
water were frequent. As the effect of the poisons progressed, the larvae 
became less active. Disturbances that sent all check larvae wriggling to 
the bottom had no effect on most of the treated larvae, which remained 
suspended from the surface. Still later a few of the treated larvae, 
usually the smallest in the flask, were seen lying dead on the bottom. 
At this point the flask was twirled, throwing all larvae beneath the sur- 
face. Those that were dead or very weak remained on the bottom, and 
as the water came to rest, they were forced by the currents toward the 
center. Here they piled up and were easily removed by pipette to be 
counted. The flasks were twirled from time to time, until 40 to 45 dead 
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or moribund larvae had been thrown down, removed, and counted. 
Then the flasks were twirled, and the larvae that came down were 
counted without removing them from the flask until the 50th larva was 
down. The time was then recorded as the end point. 

The method used to determine loss of toxicity is illustrated in Figure 
37. In the case of rotenone-bentonite, forexample, the effects of four 
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Fic. 37.—Curves showing graphical method used for estimating loss in toxicity to 
culicine mosquito larvae of rotenone mixed with bentonite and with lampblack, 
when exposed to light. SL = sunlight, AL = arc-light, EC = evaporated check, 
UC = unexposed check deposit. 


concentrations of rotenone ranging from 0.625 to 5 parts per million® in 
water were compared with those of the exposed deposits and the unex- 
posed and evaporated checks at 5 parts of rotenone or its decomposition 
products per million. The lowercurve shown in Figure 37 represents the 
effect of rotenone over the range of concentrations mentioned above. 
The survival time in the unexposed check (UC) and the evaporated 
check (EC) was practically the same as in rotenone at 5 parts per 
million, as it should be if rotenone in the check deposits retained its 
toxicity. Since the survival time in deposits exposed to sunlight was 
much greater, some of the toxicity of rotenone in the mixture must have 


‘The term ‘‘parts per million’’ as used in this paper refers to parts by weight of the 
material tested to a million parts by volume of the final dilution. 
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been lost. When, for example, the survival period for “sunlight 10 
days”’ is located at A on the rotenone curve and a line is dropped to the 
X-axis, it is seen that the deposit had an effect equivalent to that of 
rotenone at 1.16 parts per million. Since it was tested at 5 parts of 
rotenone or its decomposition products per million, it therefore retained 
1.16/5, or 23 per cent of its toxicity, or had lost 77 per cent of its 
toxicity. This example might be stated in general terms as follows: 


Bs 100 C vor 
Loss of toxicity in per cent equals 100—( ) where “‘C”’ is the 
c 


concentration of original material equivalent in effect to that of the 
exposed deposit and ‘“‘c” is the calculated concentration of exposed 
deposit as tested. 

The upper curve in Figure 37 is also for rotenone. Data for it were 
obtained at the same time that rotenone-lampblack deposits were 
tested. The fact that it does not coincide with the lower curve, owing to 
greater average resistance of the larvae, illustrates the necessity of 
testing the original material simultaneously with the unknowns. 

It should be pointed out that the precision of the determination of per 
cent loss in toxicity by this graphical method depends on the portion of 
the rotenone curve upon which the survival periods for the unknowns 
happen to fall. At both ends of the curve when it begins to approach a 
straight line the precision is low; it is greatest where the curvature is 
greatest. It would have been desirable, therefore, to have used con- 
centrations of the unknowns that would have given survival periods 
falling upon the bend of the rotenone curve. However, the small 
quantities of deposits available did not permit the preliminary experi- 
mentation necessary for this purpose. 

METHOD OF DETERMINING Loss oF Toxicity To GoLpFisH.—The 
method of determining toxicity to goldfish has been described in a 
previous paper by one of the authors (5). As in the insect tests, the 
ratio of concentrations of known and exposed solutions that killed in 
the same time was used to estimate loss in toxicity. 

The goldfish used in the tests were from the same lot and weighed 
from 2 to 3 gm., averaging 2.4 gm. Twelve fishes were used in each test 
until the diminishing stock necessitated reduction in this number. The 
tests were made at a temperature of 27.0° + 0.2° C. 

The exposed materials were scraped from the slides and dissolved in 
acetone, as in the preparation of materials for the insect tests. However, 
in this case the material was washed directly into small volumetric 
flasks and made to volume without evaporation. The tests were made 
within a few hours after the solutions were prepared. 
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The determination of the proper concentration of the acetone solu- 
tions of the exposed materials usually required trial tests at one or more 
concentrations. Whenever possible a concentration was chosen that 
caused the mean survival time of the fishes to fall within the limits 
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Fic. 38.—Relative toxicity of rotenone, dihydrorotenone, and rotenone hydrochloride 
for culicine mosquito larvae. 


represented by that portion of the survival time-concentration curve 
having the greatest curvature. In a few cases, in which the quantity of 
material was sufficient for only one or two tests, long survival periods 
that did not fall in the bend of the curve had to suffice. 

RELATIVE TOxIciITy OF ROTENONE, DIHYDROROTENONE, AND ROTE- 
NONE HypROCHLORIDE.—The relative toxicity of these compounds was 
determined by the two methods outlined in order to ascertain at what 


concentrations the exposed deposits of these materials should be 


tested. 
The mean results of two series of tests on mosquito larvae are shown 


in Table 2 and are plotted in Figure 38. Dihydrorotenone appears to be 
slightly more toxic than rotenone to mosquito larvae. Rotenone hydro- 
chloride is much less toxic than rotenone. 

Owing to the variation in susceptibility of mosquito larvae from day 
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to day, previously mentioned, the curves of Figure 1 were not used for 
the determination of “‘C,”’ but the data for such curves were obtained 
simultaneously with the tests of each series of exposed materials. 
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Fic. 39.—Relative toxicity of rotenone, dihydrorotenone, and rotenone hydro- 


chloride for goldfish. 

The data obtained in the tests of the three pure compounds on gold- 
fish are also given in Table 2° and are plotted in Figure 39. Since goldfish 
have been found to vary less than mosquito larvae in susceptibility, the 
curves established by these data were used to determine “C.”’ 


‘Similar data on these same materials are contained in previous papers by one of the 


authors (6, 8). 
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RESULTs oF Tests oF ExposeD Deposits.—Rotenone: As in previous 
tests, the deposits of rotenone exposed to sunlight became yellow in 
color. At the end of ten days the material was light yellow. The de- 
posits exposed for longer periods were progressively deeper in color and 


TaBLe 2. COMPARATIVE TOXICITY OF ROTENONE, DIHYDROROTENONE, AND 
ROTENONE HYDROCHLORIDE 
Insect tests Fish tests 
Concentration at Survival Concentration at Survival 
which tested time which tested time 
Material (parts per million) (min.) (parts per million) (min) 
10.0 120 
5.0 134 


ee ree 2.5 190 
1.25 436 


Dihydrorotenone..... .. 


B58 


8 


S 
i) 
os 


Rotenone hydrochloride 


0 
0. 
0. 
0. 
0.015 
0. 
0. 
0. 
0. 
0. 


=8 
cnn 


were more transparent in appearance than the coatings exposed for only 
a short time. When examined under the microscope the deposit exposed 
to the sunlight for twenty days, and those exposed to the arc-light, 
appeared to have partially melted, and the particles were fused together. 
The deposits exposed to the arc lost almost three-fourths of their weight. 
The material kept in the dark did not change in appearance or weight. 

As an example of the data obtained in determining the loss in toxicity 
of the exposed deposits, the mean results of the tests on the rotenone 
deposits against both insects and fish are given in Table 3. 

According to the insect tests, rotenone exposed to sunlight lost about 
two-thirds of its toxicity in ten days and thereafter the toxicity steadily 
decreased. It appears to have lost a greater proportion of its toxicity to 
fish in ten days. The check deposit kept in the dark and the evaporated 
check showed practically no loss of toxicity to mosquito larvae. How- 
ever, this result is somewhat uncertain because the tests were made at 
concentrations on the flat portion of the curve. The tests with goldfish 
indicated some loss in toxicity in the deposits kept in the dark,although in 
preliminary experiments, with similar deposits, no loss had been detected. 

Dihydrorotenone: The appearance of the dihydrorotenone deposits was 
very much the same as that of the rotenone deposits. The dihydrorote- 
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none, however, did not change perceptibly in color during the last ten 
days’ exposure to sunlight. Under the microscope these deposits did not 
show the marked appearance of melting noted with the rotenone, only 
small parts of the deposits showing this phenomenon. Dihydrorotenone 


TABLE 3. Loss in Toxicity oF ROTENONE Deposits Exposep To LIGHT 
Insect tests 
Exposure Concentration at Survival Concentration of Loss in 
which tested time rotenone corres- toxicity 
(p.p.m.) (min.) ponding to survival (%) 
time (p.p.m.) 


Not exposed 121 
(from stock) . 127 
175 

>302 

>490 

Sunlight—10 days 146 
Sunlight—20 days 167 
Arc-light—240 hrs. h 267 
Arc-light—480 hrs. \ >366 


Fish tests 
Exposure Concentration at Survival Concentration of Loss 
which tested time rotenone correspond- in 
(p.p.m.) min. ing tosurvival time toxicity 
(p.p-m.) (%) 


Not exposed 
(from stock) 


Sunlight—10 days 0.310 154 0.063 
Sunlight—20 days 0.165 246 0.035 
Arc-light—240 hrs. 1.94 184 0.048 
Arc-light—480 hrs. 2.24 449 0.027 


*Calculations made from curve previously established for rotenone. 


lost toxicity much less rapidly during the first ten-day exposure than 
did rotenone. At the end of twenty days, however, it had lost to about 
the same ‘extent as rotenone. The deposit kept in the dark showed no 
change in toxicity either to goldfish or mosquito larvae. 

Rotenone hydrochloride: The exposed deposits of rotenone hydro- 
chloride were very similar to the corresponding deposits of rotenone in 
appearance, and showed very nearly the same loss of toxicity in corre- 
sponding periods of time. The unexposed check showed no loss of toxi- 
city to insects, but there was a slight loss of toxicity to fish. 

Rotenone-bentonite mixture: The deposits of the mixture of rotenone 
and bentonite became tan-yellow in color on exposure to light. As 
might be expected, the deposits exposed to the arc lost only half as much 
of their weight as did the deposits of pure rotenone under the same 
conditions. The loss in toxicity of rotenone in the rotenone-bentonite 
mixture was practically the same as that of the rotenone deposit (Fig. 37). 
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Rotenone-lampblack mixture: No change in appearance could be noted 
in the rotenone-lampblack mixtures exposed to light. The deposits ex- 
posed to the arc lost an average of only 17 per cent of their weight, or, 
assuming no loss of lampblack, only 34 per cent of the weight of the 
rotenone portion of the deposit was lost. This is interesting when con- 
sidered in conjunction with the fact that this deposit lost less of its 
toxicity than deposits of the other materials. 

The rotenone in the rotenone-lampblack mixture retained its toxicity 
longer than any of the other materials tested. Although it lost about the 
same as, or slightly more than, the dihydrorotenone in ten days, it 
showed no further loss in an additional ten days’ exposure (Fig. 37). The 
unexposed checks showed no loss of toxicity to insects or fish. 

Derris root and derris extract: The deposits of derris root darkened 
slightly and became somewhat more opaque in appearance on exposure 
to light. Those of the derris extract turned from a light tan to a dull 
orange in twenty days’ exposure to sunlight. The apparent melting was 
much more noticeable than in the deposits of any of the other materials. 

In making toxicity tests of the deposits of powdered root and of total 
extract it was necessary to use a different series of concentrations owing 
to the smaller proportion of rotenone present (particularly in the root). 
Furthermore, toxic substances other than rotenone are present in these 
materials, and consequently a slightly different method of calculation 
had to be adopted. As an example of the concentrations employed and 
the data obtained, the mean results of the tests on the derris extract are 
given in Table 4. 

The checks of derris extract for the mosquito larvae tests were made 
at concentrations of rotenone ranging from 2.5 to 0.156 parts per million, 
and the exposed deposits were tested at 2.5 parts per million in terms of 
the rotenone present in the deposit before exposure. Deposits exposed 
to the arc-light had almost no effect on the larvae. From the values for 
the checks a curve was plotted, and the concentrations of extract, in 
terms of rotenone, corresponding to the survival periods resulting from 
the exposed deposits, were read from this curve. The loss in toxicity 
was calculated as before from the ratio of these two concentrations. 

In the fish toxicity tests no curve was established for the derris 
extract. Instead the extract was tested at two concentrations, and 
the concentrations of rotenone equivalent to the survival periods 
thus obtained were determined from the rotenone curve previously 
established. From the ratio of these two different concentrations, i.e., 
concentration of extract at which tested (parts rotenone per million) to 
concentration of rotenone corresponding to survival time (parts rotenone 
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per million), an average factor was obtained. The exposed deposits 
were then tested, and the concentrations of rotenone corresponding to 
these survival periods read from the rotenone curve. By multiplying 
these concentrations by the factor just obtained a concentration of ex- 


TABLE 4. Loss in Toxicity oF Derris Extract Deposits Exposep To LIGHT 
Insect tests 
Concentration of 
Concentration at Survival extract correspond- Loss in 
which tested (parts time ing to survival time toxicity 
Exposure rotenone per mil- (min.) (pts. rotenone per (per cent) 
lion) million) 
2.5 111 
Not exposed 1.25 127 
(from stock) 0.625 175 
0.312 293 
0.156 1440(?) 
Sunlight—10 days 2.5 329 0.28 
Sunlight—20 days 2.5 720 (?) 0.17 
Fish tests 
Concentra- Concentra- 
tion of ro- tion* of ex- 
Concentra- Survival tenone corres- tract corres- Loss in 
tion at which time ponding to ponding to toxicity 
tested (pts. (min.) survival time survival time (per cent) 
rotenone per (pts. rotenone (pts. rotenone 
Exposure million) per million) per million) 
Not exposed 0.088 112 0.125 
(from stock) 0.059 137 0.078 
Sunlight—10 days 0.297 167 0.057 0.042 86 
Sunlight—20 days 0.314 179 0.050 0.036 88 
0.156 321 0.032 0.023 85 


Arc-light—240 hrs. 0.730 390 0.029 0.021 97 


, ‘entratio which test : 
*Calculated by using a factor for Con: = at ae — h te sted of 0.73 which was 
Concentration of rotenone 


corresponding to survival time 
obtained from the two check results. 
tract (in terms of rotenone) equivalent to the survival time was ob- 
tained.’ From the difference between these last concentrations and the 
concentration at which the exposed deposits were tested, the loss in 
toxicity was calculated as in previous tests. 

The tests on the derris root were made and the results calculated in a 
manner similar to that used for the extract. 

Both the derris root and the extract lost their toxicity quite rapidly 
(with the exception of the derris root deposit tested against goldfish) on 
exposure to light, and consequently it is unlikely that any material with 
protective properties is present in these products. The deposits kept 
in the dark underwent no change. : 

™In effect this amounts to shifting the rotenone curve to coincide with a total 


extract curve. 
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It is interesting to note that the solid extract tested by means of 
mosquito larvae gave survival periods of the same order as those pre- 
viously obtained from equal amounts of rotenone. It would appear, 
therefore, that the extract, which was about one-fourth rotenone, had 
about the same toxicity to mosquito larvae as rotenone. This was not 
true of the toxicity to goldfish, the results obtained indicating that the 
extract was equivalent to about one-third of its weight of rotenone. 

Similar results were obtained with the derris root, the tests against 
mosquito larvae indicating that the root contained about 8 per cent of 
material with toxicity equal to that of rotenone, whereas the root con- 
tained about this proportion of total extractives but only 1.4 per cent 
actual rotenone. The goldfish tests again indicated that the root was 
only slightly more toxic to these test animals than the amount of rote- 
none it contained. 

A summary of the results in terms of percentage of toxicity lost by 
each deposit is givenin Table 5. Each of these results represents the 
exposure of only one deposit. A graphic summary of the loss of toxicity 
of deposits exposed to sunlight and tested against mosquito larvae is 
given in Figure 40. 


TABLE 5. Loss tn Toxicity oF VARIOUS MATERIALS Exposep To LIGHT 
Loss (per cent) when Loss (per cent) when 
exposed to sunlight exposed to arc-light 
10 days 20 days 240 hours 480 hours 


Insect Fish Insect Fish Insect Fish Insect Fish 
Material tests tests tests tests tests tests tests tests 


Rotenone a a 73 79 O4 98 98 99 


Dihydrorotenone......... 73 75 . 98 2 ° 
Rotenone hydrochloride. ... . 86 78 98 99 98 99 
Rotenone-bentonite mixture. 86 83 . 90 
Rotenone-lampblack mixture 29 51 67 87 

91 73 ° 92 


Derris extract ttt 93 86 . 97 
*Loss practically complete. 


DIscUSSION AND CONCLUSIONS 

The present work has shown that the rather rapid decomposition of 
rotenone by direct sunlight, with the resulting decrease of its toxicity to 
insects, will limit its use as a stomach insecticide on fruit and foliage 
until some suitable means is found of retarding this loss of toxicity. 
The decomposition is not so rapid as to interfere with its use as a contact 
insecticide. The deposits on glass tested in the present experiments were 
much heavier than ordinary spray residues. If the particles next to the 
glass had not been more or less protected from light by those above, the 
loss of toxicity would undoubtedly have been greater. It is therefore 
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probable that a thin spray residue of rotenone exposed to sunlight for 
ten days would lose its toxicity completely. 

The present tests have shown that a considerable degree of protection 
against sunlight is afforded by mixing rotenone with lampblack. It is 
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MATERIALS 
Fic. 40.—Loss in toxicity to culicine mosquito larvae of rotenone deposits, ete 
exposed on glass plates to sunlight for 10 and 20 days. 


doubtful, however, that a thin spray residue of rotenone-lampblack 
mixture would resist the action of light as much as the thicker deposits 
that were tested. 

As an alternative to rotenone, dihydrorotenone may be worth testing 
on a small scale in the field. Its toxicity to insects approaches or equals 
that of rotenone, and it appears to be more resistant to decomposition 
by light. 

Although this paper is not particularly concerned with the toxicity of 
unexposed derris extract, it should be pointed out here that the powdered 
extract used in the present tests against mosquito larvae was as toxic as 
rotenone, although it contained only about 25 per cent of that com- 
pound. These and other similar results may indicate the presence in 
acetone extracts of derris of one or more highly toxic substances that 
have not yet been isolated. 
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THE EFFICIENCY OF TAR DISTILLATE SPRAYS IN CON- 
TROLLING SAN JOSE SCALE IN 1932 


By W. S. HouGu, Virginia Agricultural Experiment Station 


ABSTRACT 
Results of the second season’s experiments with sprays containing coal tar dis- 
tillates of English and American origin confirm the results of 1931. The higher con- 
centrations may give control of San Jose scale (Aspidiotus perniciosus) comparable 
to that obtained with a standard petroleum oil spray of 3% oil. A combination of 
coal tar oil and petroleum oil against aphis eggs and scale in the dormant season is 
suggested. 


This paper reports the results of the second season’s experiments on 
the control of San Jose scale with sprays containing coal tar distillate. 
Apple trees severely infested with scale were sprayed on favorable days 
during the dormant season. 
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Three of the preparatory sprays contained tar oil of English origin. 
The other tar oils were of American origin. For convenience the four 
tar distillates which were emulsified for these tests are designated by 
number and data on distillation and specific gravity are given in Table 1. 
Tar distillate No. 1 was a redistilled oil. Tar distillate No. 4 is known to 
the trade as Carbosota and according to the producers is not necessarily 
redistilled but may be a blend to meet the distillation requirements. 
Distillates Nos. 2 and 3 are not redistilled. It should be stated that only 
the liquid part of the distillates are used in spraying, the solids having 
been removed by cooling and settling. 


TABLE 1. SPECIFICATIONS OF COAL TAR DISTILLATES OF AMERICAN ORIGIN USED IN 
SPRAYING EXPERIMENTS OF 1932 
Specific gravity 
at 38° C Distillation 


Tar distillate No. 1 (a redistilled oil) 1.10 Up to 210°C 
Up to 235° C 
Up to 315°C. 
Up to 355° C 
Tar distillate No. 2. Up to 210° Clessthan 1% 
Up to 230°C..... 99% 
Tar distillate No. 3. Up to 249° Clessthan 1% 
From 250° C up 99% 
Tar distillate No. Up to 210°C 1% 
Up to 235° C 10% 
Up to 355° C 65% 


Most of the preparatory tar oil sprays or washes with which the writer 
is acquainted contain a certain amount of petroleum oil, usually from 
16% to 20% by volume. Petroleum oil is added to aid in the emulsifica- 
tion of the tar oil which may constitute about 50% to 55% of the total 
volume. In a few American preparations the proportion of petroleum 
oil amounts to about one-third of the total volume and the tar oil from 
12% to 47%. 

Lubricating oil of 100 seconds viscosity (Saybolt) was used in emulsi- 
fying tar distillates Nos. 1 to 4 inclusive. The proportion of tar oil and 
petroleum oil when diluted is shown in Table 2. A convenient formula 
for making tar distillate emulsion is as follows: 

Se ih co i ceed ahi OORT Oe oss wal ad wes | 3 gallons 
Petroleum oil bs 1 gallon 
Water and sodium caseinate............. 2 gallons 

Sodium caseinate was prepared by dissolvirig about 7 ounces of pow- 
dered casein in one-half gallon of boiling water in which about 1% 
ounces of sodium metasilicate had been dissolved. The total was then 
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diluted to two gallons. Petroleum oil was next added and the mixture 
pumped through a nozzle until emulsified. As the mixture was pumped 
back on itself, tar oil was gradually added and pumping continued until 
emulsification was completed. This results in a stock of 50% tar oil 


TABLE 2. RESULTS OF EXPERIMENTS ON CONTROL OF SAN JOSE SCALE ON APPLE 
TREES, WINCHESTER, VIRGINIA, 1932 


Date Material used and amount in 100 gallons No. of scales Per cent 
sprayed of spray mixture Examined Alive control 
1931 Smoot orchard 


18 Tar distillate ‘‘Barko” 10 gallons , 0 100 
18 Tar distillate “‘Barko”’ 634 gallons q 14 
18 ‘Metro Neutral Tar Wash”’ 10 gallons , 85 91 
“‘Metro Neutral Tar Wash” 624 gallons y 147 
“‘Long Ashton Neutral Tar Wash”’ 10 gallons. , 78 
“‘Long Ashton Neutral Tar Wash”’ 624 gallons 174 
Tar distillate No. 1 
Tar oil 3%, petroleum oil 2% , 37 
Tar oil 3%, petroleum oil 3% 4 
Petroleum oil emulsion (3% oil*). . . . i 48 
Petroleum oil emulsion (3% oil ft) , 0 


Pe SERRRER 


Tar distillate ‘‘Barko”’ 10 gallons , 11 
“*Metro Neutral Tar Wash”’ 10 gallons 44 
“‘Long Ashton Neutral Tar Wash”’ 10 gallons. 49 
Tar distillate No. 1 

Tar oil 3%, petroleum oil 2% ee , 82 

Tar oil 3%, petroleum oi13%....... , 31 
Tar distillate No. 2 

Tar oil 7%, petroleum oil 2.2%........... ' 7 

Tar oil 5%, petroleum oil 1.5 , 25 
Tar distillate No. 3 

Tar oil 7%, petroleum oil 2.3% ime : 70 

Tar oil 5%, petroleum oil 1.6% 84 
Tar distillate No. 4 

Tar oil 7%, petroleum oil 2.3% , 77 

Tar oil 5%, petroleum oil 1.6% 166 
Petroleum oil emulsion (3% oil*). . . 96 
Check, not sprayed... . , 1,022 (51.1% 


Marker orchard 
Apr. 2 Tar distillate ‘“Tarolene”’ 6 gallons / 4 98 
Apr. 5 Petroleum oil emulsion (3% oil}) : 0 100 
Check, not sprayed : 255 (25.5%) 
*Viscosity (Saybolt) 100 seconds. 
tViscosity (Saybolt) 225 seconds. 
tViscosity (Saybolt) 150 seconds. 


which pours readily. Variation in the proportion of tar oil and petro- 
leum oil is possible. In the above formula if the water is decreased to one 
gallon and the petroleum oil increased to 2 gallons, the stock becomes a 
very thick paste which will not pour. 

No evidence of serious injury to apple trees has appeared following 
the use of tar oils in the dormant season. A slight delay of bud develop- 
ment is sometimes observed. Several orchardists who used tar dis- 
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tillate sprays for control of aphids complained of the caustic action on 
the skin. This objection was largely overcome by greasing the exposed 
skin before attempting to apply the spray. 

Examination of the scales began in late March in the Smoot orchard 
and was concluded May 9 in the Marker orchard. The results are given 
in Table 2 and indicate that the higher concentrations of tar oil sprays 
may compare favorably with a petroleum oil spray of 3% oil. Similar 
results were obtained in the experiments of 1931. 

Inasmuch as a standard 3% petroleum oil spray will usually give 
better than 95% control of San Jose scale, it follows that tar distillate 
emulsions should be equally effective in order to be of practical value 
where the control of this insect must be taken into consideration. On 
the other hand, under Virginia orchard conditions of the past two sea- 
sons, experience with tar distillate sprays for the control of aphids in the 
egg stage indicates that not over 234% tar oil is sufficient to give 100% 
kill. The practical advantage of using more than 3% tar oil does not 
appear under our orchard conditions. Where both aphids and San Jose 
scale are the principal pests to be controlled in the dormant season, a 
combination is suggested of sufficient tar oil to kill aphis eggs and suffi- 
cient petroleum oil for adequate control of the San Jose scale. 


PRESIDENT FLINT: These are a class Of sprays that are bound to be 
coming into use pretty generally. Our experience in Illinois has been 
just about the same as that reported here. 


Mr. Biavuve -t: I should like to ask how the tar distillates compare 
with a mixture of cresylic acid and oil emulsions. 


Mr. HouGu: We got very good results with both cresylic acid and oil. 


PRESIDENT FL int: I should like to ask how much of a chance you are 
taking in the late applications of cresylic acid. 

Mr. Hovcu: Wehave been using it for three years and have not had 
any bad effects from using one-half per cent in the delayed dormant 
period. We try to finish spraying when the leaves are a quarter of an 
inch long. We have put it on later than that and have gotten some 
burning. 


‘Jour. Econ. Ent. Vol. 25, No. 3, pp. 613-617, June 1932. 
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EXPERIMENTS WITH TAR DISTILLATE SPRAYS AGAINST 
FRUIT APHIDS AND ASSOCIATED INSECTS 


By F. Z. Hartzet, P. J. Parrott, and S. W. HARMAN, Geneva, N. Y. 


ABSTRACT 


Field trials of tar distillate sprays were conducted in a number of orchards in 
western New York during 1932 to determine their effects on the trees and efficiency 
in controlling rosy apple aphid, black cherry aphid, San Jose scale, oyster-shell 
scale, eye-spotted bud moth, apple red bug, and pear psylla. Four American and 
four European brands were used in the experiments. Concentration of tar washes 
in the applications on apples generally varied from 5 to 74 per cent, altho mixtures 
containing 2 and 3 per cent were tried on a few trees. Except in the case of one plat 
that was sprayed very late in the fall, all applications on the apple were made in the 
spring not later than the gray-tip stage of the buds. On sweet cherry and pear, 
the mixtures contained 4 and 5 per cent of the emulsions respectively. 

Control of the rosy apple aphid was secured in all trials when the concentrations of 
tar washes were not less than 5 per cent. Lower concentrations generally proved less 
effective. A fall application did not give as high control as spring treatments. In 
practically all instances, the control of rosy apple aphid by spring applications of tar 
washes (not less than 5 per cent) was similar to that effected by nicotine sulfate (1— 
800). A single experiment indicates that these materials may prove effective against 
the black cherry aphid. Tests with one brand indicate that in severe infestations, tar 
distillate sprays are not as effective as lubricating oil emulsions for the control of San 
Jose scale. Four brands, used at 5 and 7% per cent, appear to be very effective on 
oyster-shell scale. Tar washes (7% per cent) in the tests were but slightly inferior to 
nicotine sulfate (1-400) in lubricating oil against the eye-spotted bud moth, while 
lower concentrations of the washes produced moderate control. The results with 
apple red bug indicate that rather low efficiencies are to be expected from tar washes 
(7% per cent) when used against this insect. One brand (5 per cent) proved de- 
structive to the eggs of pear psylla. At the concentrations used none of the materials 
proved injurious to the buds or wood of apple, sweet cherry and pear during 1932. 


The results with tar distillate sprays given in this paper were secured 
during 1932 and they supplement those of previous investigations which 
have been reported.' All the trials, except two which were made on young 
bearing trees, were conducted in mature orchards on the Station grounds, 
and in commercial plantings located in six counties of the western New 
York fruit belt. Applications were made with orchard sprayers main- 
taining pressures varying from 250 to 350 pounds, and equipped with 
spray-guns except in one orchard where rods carrying four cyclone 
nozzles were used. The methods of securing data are described under 
each species. 

Tar DistTiLLates.—The domestic brands tested were Barko, Koppers’ 
Tar Wash, Tarolene, and Tarzol. The following foreign brands were 
also tested: Carbokrimp, Mortegg, Solignum Dormoil and Solignum 


‘Jour. Econ. Ent. 24. 297-302. 1931; [bid 25: 607-613. 1932. 
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Long Ashton Wash. Barko was used most extensively in commercial 
orchards partly because of the large amount of material on hand, but 
especially for the reason that it had been tested during the two previous 
seasons. Most of the other brands had not been tried under New York 
conditions so caution in their use was necessary until the question of 
safety to trees could be determined. 

Insect Contro_.—Data were secured as regards the effects of tar 
distillates on the control of the following insects: Rosy apple aphid 
(Aneuraphis roseus Baker), black cherry aphid (Myzus cerasi Fab.), 
San Jose scale (Aspidiosus perniciosus Comst.), oyster-shell scale (Lepi- 
dosaphes ulmi L.) eye-spotted bud moth (Spilonota ocellana Schiff.), 
apple red bug (Lygidia mendax Reut.), and pear psylla (Psyllia pyricola 
Foerst.). 

Rosy apple aphid. The methods of securing data are first described. 
Counts of infested leaf clusters were made during early July on treated 
and check trees. During harvest time, in some of the plantings where 
the trees bore fruit, counts were made of the total number of injured and 
perfect apples on each tree used for such data. 

Trials of tar washes for rosy aphid control were conducted in five 
orchards, in some of which other pests also received consideration. All 
spring applications were made by the time the buds were in the gray-tip 
stage. The largest number of tests were carried out in what is familiarly 
known as the Rome Beauty orchard on the Station grounds. There are 
55 trees of this variety and 118 trees of other kinds of apples, many 
without duplicates. All of these were about 30 years of age. Among the 
Rome Beauty experiments, one plat was sprayed in December, 1931, 
with Barko (5 per cent)?; one plat with the same mixture during the 
spring; and one plat with nicotine sulfate (1-800) in lime-sulfur (1-40) 
at the delayed dormant period. On the basis of cluster counts, the per 
cent efficiency was as follows: Barko (fall treatment) 98; Barko (spring 
treatment) 95; nicotine, 100. Fruit counts gave Barko (fall) 77; Barko 
(spring) 91; and nicotine, 90 per cent efficiency. 

Spring applications of the following materials at 7 per cent concentra- 
tion gave 100 per cent control based on cluster counts; Koppers, Solig- 
num Long Ashton, Tarolene, and Tarzol. Owing to scarcity of bearing 
trees on which to make tests, these materials were used at this higher 
amount to test especially their effects on buds and wood. With the 
exception of the Solignum wash, these brands had not been tested pre- 
viously by the writers. Trees treated with various brands (3 per cent) 

2All percentages refer to the amount of concentrated emulsion used and not to the 
actual tar distillate content of the spray mixture. 
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either alone or with petroleum oil (3 per cent) gave ambiguous results. 
However, 2 per cent concentration of various brands gave efficiencies 
varying between 42 and 62 per cent based on cluster counts. 

In an old Oswego county orchard certain plats were sprayed with 
Barko and Mortegg, each used at 6 per cent concentration. Another 
plat was given a delayed dormant application of nicotine sulfate (1-800) 
in lime-sulfur. The varieties were Greening, Baldwin and McIntosh, 
and the following efficiencies were found (based on leaf clusters): Barko 
91, 89, and 79; Mortegg 92, 92, and 83; nicotine 89, 82 and 77 per cent 
for the several varieties in the order listed. 

Plats in a Greening orchard (15 years) in Monroe county gave the 
following: Barko (5%), 99.7; Barko (6%) 99.9; and nicotine sulfate 
(1-800) 97.6 per cent efficiency based on cluster counts. 

A ten-year Ontario county orchard of Rome Beauty and Greening 
trees was sprayed with three brands of tar washes at 5 per cent con- 
centration. The efficiencies of the materials, based on cluster counts, 
on Rome Beauty and Greenings were: Barko, 84 and 80; Carbokrimp 
95 and 86; Mortegg 91 and 90 per cent. 

A thirty-year-old orchard in Wayne county consisting of three vari- 
eties was treated with Barko 5 and 7% per cent and cluster counts were 
made. The efficiencies for the 5 and 7% per cent concentrations were: 
Greening, 90 and 92; Baldwin 88 and 89; and Ben Davis 85 and 95 per 
cent respectively. 

Black cherry aphid. Four Windsor cherry trees in a Wayne county 
orchard were sprayed with Barko (4 per cent) on April 21, 1932. At this 
time the buds were swollen to such an extent that the tips were green. 
Serious bud injury was expected, which accounts for the small number 
of trees treated. With the exception of four check trees, the remainder 
of the orchard was given an application of nicotine sulfate (1-800) in 
lime-sulfur when the young leaves were from 3% to 1 inch in length. 
Counts of infested clusters showed the following efficiencies: Barko 
99.6; nicotine 48.4 per cent. 

San Jose scale. Tests of Barko (5 per cent) against this insect were 
made at Geneva in an orchard that was severely infested. At the same 
time a plat was treated with lubricating oil emulsion (3 per cent oil). 
The data, taken when the apples were picked, were based on the presence 
or absence of San Jose scale on the fruit. The percentage of clean fruit 
on each plat was as follows: Barko 59; lubricating oil 98; check 7. These 
represent control efficiencies of 56 and 98 per cent respectively. In 
addition, counts of scale on the fruit were made, the averages per 1000 
apples being: Barko, 2786; lubricating oil, 80; check, 62,231. These 
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counts indicate the following toxic efficiencies of the materials: Barko, 
95.5; lubricating oil, 99.9 per cent. 

It will be recalled that the writers reported good control of San Jose 
scale by means of tar washes during 1931°. These observations were 
made on moderately infested trees, which perhaps accounts for the 
differences in results during the two seasons. 

Oyster-shell scale. An extensive series of tests of tar washes at 5 and 
7% per cent concentrations and also of lime-sulfur (1-8) were conducted 
in an apple orchard in Cayuga county. The brands used were Barko, 
Carbokrimp, Mortegg and Tarolene. The oldest trees were about 60 
years old and about 30 feet tall, while numerous trees that replaced those 
that had died varied from 10 to 20 years of age. Most of the trees were 
very seriously infested with oyster-shell scale. On treated and check 
trees, counts were made of young scale that settled on wood of the past 
three years’ growth and ofthe number of overwintering scale present on 
the same area of bark. Counts were made in the orchard July 25 and 
Mortegg (5 per cent) indicated an efficiency of 99.2 per cent. Owing to 
the large number of insects counted (3033 in this instance) under a lens 
to determine the abundance on a treated tree and its check, it was found 
impractical to attempt to secure all the data by means of counts made 
in the orchard, especially since changing conditions might introduce 
error. Therefore, a number of twigs were taken from individual trees 
scattered thru the planting, care being taken to secure samples from 
a number of trees in every plat. All these samples were carefully tagged 
and preserved in formalin. The counts have not been completed. 

On July 25 each plat was carefully examined and it was observed that 
all the tar washes either at 5 or 7% per cent concentration had given 
much the same degree of control that was found on the tree sprayed with 
Mortegg (5 per cent). On the other hand, lime-sulfur (1-8) had not 
given as high degree of control as did the tar washes. In order to make 
further observations the orchard was visited on December 6. The wood 
on the check trees was found to be seriously injured by the oyster-shell 
scale, while all the sprayed trees had healthy wood and a light infesta- 
tion of scale that had hatched during the summer. The trees sprayed 
with lime-sulfur, however, had a heavier infestation than those treated 
with tar washes. 

Eye-spotted bud moth. Data on this pest were secured by counting the 
webbed leaf clusters during June. Tests were made in three orchards. In 
the Ontario county orchard previously mentioned, three brands of tar 


‘Jour. Econ. Ent. 25:607-613. 1932. 
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washes at 5 per cent concentration were applied. The efficiency of con- 
trol on Rome Beauty and Greening trees were as follows: Barko 74 and 
65; Carbokrimp 77 and 70; Mortegg, 77 and 69 per cent. 

In the Wayne county orchard referred to under rosy aphid, Barko was 
used at 5 and 7% per cent dilutions respectively. The efficiencies on 
the three varieties on bud moth were: Greening, 73 and 83; Baldwin, 61 
and 69; Ben Davis, 77 and 78 per cent. A block of Baldwins sprayed in 
the delayed dormant with nicotine sulfate (1—S00) in lime-sulfur gave an 
efficiency of 67 per cent. 

In the Monroe county orchard previously mentioned the following 
efficiencies against bud moth were secured: Barko (5 per cent), 47; Barko 
(6 per cent) 75; lubricating oil (6 per cent) and nicotine sulfate (1—400) 
86 per cent. 

Apple red bug. Tests of Barko and Carbokrimp at 6 per cent concen- 
tration in an orchard in Niagara county gave practically no control of 
the apple red bug. The trees were of the Greening variety between 15 
and 20 years of age. In experiments aimed at the control of this insect 
the data were taken by counting all injured and perfect apples on the 
treated and check trees at harvest time. 

A block of McIntosh trees, 25 years of age, in Wayne county was 
sprayed with Barko (7% per cent). If the comparison is made on the 
total amount of fruit from treated and check trees, the efficiency was 49 
per cent. However, if the sprayed trees in each row from west to east 
be compared with the corresponding check tree, there is a rather uniform 
increase in efficiency from 0 to 66 per cent with an average of 33 per 
cent. In view of previous results of tar washes against this insect it is 
possible that the indicated control is too high, owing perhaps to irregular 
infestation so characteristic of apple red bug. 

Pear psylla. Since pears have usually proven more susceptible than 
apples to spray injury with other materials, experiments with tar dis- 
tillates have been made only on trees that owners intended to remove 
later. Thus, tests have been restricted until the question of tree and 
bud injury has been decided. Barko (5 per cent) was used on six trees 
in Wayne county during 1932. No bud or tree injury occurred and 
every pear psylla egg hit by the spray was killed. Moreover, the mate- 
rial seemed to prevent later oviposition resembling, in this respect, 
lubricating oil treatments. 

Effect on trees. Since in 1931 tar washes at concentrations of 8 per 
cent or more were found to cause very serious bud injury on some vari- 
eties of apples, none of the brands were used at concentrations of more 
than 7% per cent during 1932. No injury occurred with any of the 
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brands used during this latter year, provided treatment was made not 
later than the gray-tip stage. Greening and Rome Beauty trees were 
given fall application (5 per cent) and in neither case did injury occur. 
Moreover, a block of Rome Beauty trees in a Station orchard have been 
sprayed with tar distillates (5 per cent) for three successive years, and to 
date no deleterious effects have appeared. There is usually considerable 
retardation in bud development on trees sprayed in the spring, but 
notably less on fall treated trees. In neither case has this retarded 
development proved objectionable. Mixtures of tar washes (3 per cent) 
and lubricating oil (3 per cent) did not cause injury to buds nor wood in 
1932. It should be recalled that higher concentrations of this combina- 
tion proved disastrous to apple buds in 1931. Even the wood was killed 
where excessive concentrations were used. 

Windsor sweet cherry buds were not injured by Barko (4 per cent) 
altho the spray was applied when the tips were green. However, the 
observations are too meager to decide whether or not such late applica- 
tions are safe. 

Neither swollen Bartlett pear buds nor wood were harmed by Barko 
(5 per cent) but the question of safeness of tar distillates on pears has not 
been fully decided. 

Conc.usions.—At not less than 5 per cent concentration, spring 
applications of the several brands of tar washes gave fairly uniform re- 
sults and show efficiencies similar to nicotine sulfate (1-800) on the rosy 
apple aphid in the same plantings. At concentrations of 3 per cent, the 
tar distillates either alone or combined with lubricating oil, gave variable 
results against this insect. Lower concentrations generally proved less 
effective. Fall applications of Barko (5 per cent) seemed to be somewhat 
inferior to spring treatments with the same mixture, judged by per- 
centage of injured fruit. Three seasons’ results indicate that tar dis- 
tillate sprays offer a means of control of the rosy apple aphid that 
supplements nicotine. 

One year’s test indicates that tar washes may prove very effective 
for preventing destructiveness by the black cherry aphid. 

With San Jose scale, the data suggest that for an infestation such as 
occurred in the orchard when the tests were made (1) unless a material 
shows a killing efficiency of about 99 per cent, a relatively clean crop of 
fruit is not to be expected during the first season’s treatment; (2) state- 
ments of the proportion of San Jose killed are apt to be misleading unless 
checked by the proportion of clean fruit harvested; (3) lubricating oil 
sprays seem to afford a more satisfactory control than do some of the 
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tar washes at 5 per cent dilution; (4) Barko (5 per cent) apparently has 
sufficient toxicity on this insect to reduce the pest considerably. 

The four brands tested on oyster-shell scale at 5 and 7% per cent 
concentrations appear to be very effective and to surpass somewhat lime- 
sulfur 1-8. These resultscorroborate the findings in 1931 when a treat- 
ment with Barko (7% per cent) greatly reduced the amount of this 
insect on an experimental tree. 

Against the eye-spotted bud moth, tar washes at 7% per cent con- 
centrations proved slightly inferior to a mixture of lubricating oil (6 per 
cent) and nicotine sulfate (1-400). At concentrations of 5 and 6 per 
cent, two washes gave only moderate control of this insect. Little 
difference in control was found with the several brands tested. 

In general, tar distillates do not offer as satisfactory control of apple 
red bug as does nicotine sulfate (1-800) in the calyx application. 

Tar washes seem to offer another material that can be used as an 
early spray for pear psylla. 

When concentrations of not more than 7% per cent were used, none of 
the tar washes caused injury to the trees or buds of apple in 1932. Sweet 
cherry buds that were showing green tips were not injured by Barko 
(4 per cent). However, since only one test was made little can be said 
about the possibility of damage with applications made at such an ad- 
vanced stage. It would probably be safer to spray earlier even if a 
slightly stronger mixture may be needed to secure control. No injury 
occurred to swollen pear buds or the wood, so it appears that the way 
has been cleared for more extensive tests against the pear psylla with 
tar distillate sprays. 


TESTS WITH TAR DISTILLATE SPRAYS FOR FOLIAGE 
APPLICATIONS 


By F. Z. Hartze_t, New York State Agricultural Experiment Station, 
Geneva, N. Y. 


ABSTRACT 

Tar distillates were tested as foliage sprays on numerous varieties of apples in an 
effort to determine their value for codling moth and apple aphid control. Four 
brands of tar washes were used with standard fungicides; viz., lime-sulfur (1-40), 
bordeaux mixture (4-8-100), and dry-mix sulfur and lime. In the tests on young 
McIntosh trees comparisons were made with untreated trees and those sprayed with 
each fungicide mixed with arsenate of lead. In trials on many varieties of bearing 
trees, comparisons were made between those of the same variety sprayed with the 
same fungicide in which arsenate of lead replaced tar distillates. These latter were 
found apparently compatible with the three fungicides. The results against apple 
aphid were irregular and contradictory so no marked value of these materials was 
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noted. Based on ‘‘wormy’’ apples, arsenate of lead proved superior in every one of 
the sixteen comparisons, while the same material gave better control in fifteen of the 
sixteen pairs of tests when the total codling moth injuries were considered. The prob- 
lem of spray residue was not eliminated. Leaf injury, russeting and pitting of the 
fruit on a number of varieties leads to the conclusion that the causes of these injuries 
must be determined and eliminated before much progress can be made in experi- 
mentation with tar distillate sprays for control of the codling moth. 


During recent years numerous tests of various chemicals and mixtures 
have been made by many entomologists in an effort to find materials 
that can replace arsenicals, especially for those applications that con- 
tribute most heavily to the formation of excessive residues. Accord- 
ingly, it seemed desirable to determine the value of tar distillates as 
foliage sprays on apples for the control of codling moth and other insects 
that might be sufficiently abundant during the summer, especially after 
the fruit has reached one-third or one-half its full size. The series of 
field tests herein described were conducted during 1932 at Geneva, 
N. Y., to gather information on this problem. Owing to the vagaries 
of apple pests only two species were present in sufficient number to 
secure reliable data on control; namely, the codling moth (Carpocapsa 
pomonella) and the apple aphid (Aphis pomi). The studies had the 
following objectives: (1) Control of codling moth and other apple in- 
sects; (2) miscibility and compatibility with standard fungicides; (3) 
effects on foliage and fruit when the tar washes are used alone and with 
fungicides; (4) amount and character of residue on ripe fruit; and (5) cost. 


MaTERIALs.—Unfortunately for the experimenter, tar distillate 
emulsions! have not been standardized as regards the specifications and 
amount of tar oils, presence or absence of petroleum oils, and kind 
or amount of emulsifier. In a complete investigation, especially when 
used with and without different fungicides and on different varieties of 
apples, it would be necessary to use a very extensive series of tests in 
which the various factors would be varied one at a time in each trial 
while holding the others constant if the effect of each factor were to be 
accurately determined. A little calculation will show that using only 
three different fungicides and the leading commercial varieties of apples 
and also making moderate changes in the kinds and amounts of in- 
gredients in the various mixtures would result in an extremely large 
number of tests. In fact there would be required, at least for the writer, 
an impractical number of trials during a single season as regards time, 
expense, and available bearing trees. . 


‘Stock mixtures of tar distillates that emulsify with water are marketed as emul- 


sions and miscible oils. For brevity the term ‘‘emulsion’”’ will be used for both types. 
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For preliminary tests it seemed preferable to select several repre- 
sentative brands of tar distillates and use them on a number of varieties 
of apples, combining each brand with several standard fungicides, at the 
same time using some of the emulsions without fungicides. Two foreign 
brands (Carbokrimp and Mortegg) and a domestic brand (Koppers) 
were selected because these were believed to be free from petroleum oils 
and were emulsified with different materials. One American brand 
(Barko) was selected because it contains a small amount of petroleum 
oil in addition to the tar distillates. Each of the brands were combined 
with three fungicides; namely, lime-sulfur, 140; bordeaux mixture (4- 
8-100) ; and dry-mix sulfur and lime, 25 pounds in 100 gallons of spray 
mixture. At the same time, all the brands of tar washes mentioned were 
used alone in one series of trials, but in the second series only one brand 
was tested without fungicides. 

EXPERIMENTAL.—Preliminary trials during the preblossom period 
indicated that on some varieties, at least, tar washes at a dilution of one 
gallon of the emulsion in 99 gallons of water would cause considerable 
foliage injury ; so it was decided to use three-fourths gallon in 100 gallons 
of mixture either alone or with fungicides for further tests on foliage. The 
first series of trials was made June 17, 1932, on two-year-old McIntosh 
apple trees in the insectary garden. All brands were found to mix 
easily with each of the fungicides. Four trees were sprayed with each 
mixture. Controls consisted of trees that were not treated and those 
sprayed with the several fungicides mixed with arsenate of lead. The 
day was clear with a maximum temperature of 85° Fahr. and a very 
light southeast breeze (almost a calm). The trees were examined daily. 
By June 29 some trees revealed slight foliage injury when certain brands 
were added to lime-sulfur, while those treated with tar washes in either 
bordeaux mixture or dry mix showed very slight injury or no change 
from the condition of the control trees. When used without a fungicide 
all brands showed very slight injury to the foliage. Thus it appeared 
that the tar washes are compatible with these three fungicides. In 
some instances the addition of the latter actually decreased the leaf 
scorching when compared with the same brands used without a fungi- 
cide. 

Since these trials on small trees indicated, by June 22, that tar washes 
(three-fourths per cent of the emulsion) could be used with comparative 
safety on apple foliage, and because this was the period when the first 
cover sprays were being applied, the tests were continued on bearing 
trees. Station Orchard No. 12, commonly known as the Rome Beauty 
Orchard, has in addition to this variety a large number of filler trees 
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about thirty years of age consisting of numerous varieties, many with- 
out duplicates and some not of commercial importance. Fortunately, 
some of the kinds have duplicate trees, and a few commercial varieties 
have from three to five replicates. In such cases one tree was sprayed 
with a tar wash mixed with a fungicide and a duplicate was treated with 
the fungicide and arsenate of lead as a check. Three cover applications 
were made on all trees, the last being applied July 18. All trees had been 
sprayed previously with lime-sulfur and arsenate of lead according to the 
regular schedule. Since there were twelve combinations of materials 
containing tar distillates and fungicides, also because the number of dup- 
licate and replicate trees was small, only one tree was treated with tar 
distillate without a fungicide. This tree, a large Rhode Island Greening, 
was sprayed during the entire foliage spray season with Carbokrimp. 
The delayed dormant application was to determine the effect of the ma- 
terial (2 per cent of the emulsion) on young rosy apple aphids (Amnur- 
aphis roseus), while the later sprays (1 per cent of emulsion during the 
preblossom stage and 34 per cent for later treatments) were for the pur- 
pose of studying the effect of the material on other apple insects, on 
fungous diseases, and on the general health of the tree. Forty-five trees 
consisting of nineteen varieties were used in these tests, constituting 
the second series. 

Resutts.—All the brands of tar washes previously mentioned were 
miscible and appear to be compatible with the three standard fungi- 
cides—lime-sulfur, dry-mix sulfur and lime, and bordeaux mixture. Late 
scab infection was very light in this orchard during 1932, for which 
reason the effect of tar distillates on the fungicidal properties of the mix- 
tures could not be measured. It will be recalled that one Rhode Island 
Greening tree was sprayed from the delayed dormant period up to and 
including the third cover spray with Carbokrimp, yet the amount of 
apple scab was but slightly higher than on a near-by Rhode Island 
Greening which received lime-sulfur 1-40 and arsenate of lead in the 
delayed dormant application and was sprayed with bordeaux mixture 
(4-8-100) and arsenate of lead thru the third cover spray. Since un- 
sprayed trees of all varieties had a moderate amount of fruit infected 
with scab there is some indication that tar washes have good fungicidal 
action. 

In the tests on bearing trees, foliage injury varying from slight to very 
slight occurred on some varieties. There was no correlation between the 
amount of injury or absence of the same and the kind of fungicide or 
the brand of tar wash. However, the tree sprayed with tar distillate 
alone showed more foliage injury than the tree treated with the same 
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brand mixed with a fungicide. These observations corroborated the 
results secured on the young McIntosh trees. 

Russeting of the fruit varied from nothing on some varieties to severe 
on others. The degrees that this effect occurred are as follows: severe, 
British Columbia, Rhode Island Greening, and Westchester; moderate, 
Deacon Jones, Hubbardston, Kinnard, Sierra Beauty, Sir John Thorny- 
croft, and Wagener; slight, Collins, Lady, Peerless, and Winter Banana; 
none, Adersleber Calville, Baldwin, Becker, Early Goodman, Giant 
Jeniton, and Summer Banana. In addition to russeting, four varieties 
sprayed with tar distillates developed a dark pitting of the skin, es- 
pecially about the lenticels. This injury was noticeable at picking time 
and appears to have been accentuated during storage. The varieties 
showing this effect were Sierra Beauty, Wagener, Westchester, and 
Winter Banana. Three different brands of tar wash and three fungi- 
cides were involved in this defect. It appears, therefore, that foliage 
injury, russeting, and pitting are not related to the type of emulsifier, 
nor to specific differences in the several brands, nor to the kind of fungi- 
cide. Apparently these defects are associated with some characteristic 
or group of characters common to certain varieties. It is to be noted 
that the presence or absence of petroleum oils apparently is not a factor 
in the cause of any of these undesirable conditions. 

The flavor of the fruit did not seem to be affected in any variety. In 
this connection it is worthy of note that apples stored where they are 
exposed to the fumes of tar distillates have the flavor seriously affected 
by a strong taste of creosote. Baking, however, removes this flavor; but 
such fruit was not tested in pies. 

Ripe fruit in a number of instances, especially with early varieties, 
had a considerable quantity of a black residue present which was not as 
easily removed by wiping as are arsenate of lead and fungicidal residues. 

During the summer a marked infestation of the apple aphid appeared 
in this orchard. Counts of infested terminals show that while many of 
the trees receiving foliage sprays containing tar distillates appeared to 
give important reductions in the number of apple aphid over trees of the 
same variety sprayed with arsenate of lead and the same fungicide, in 
numerous other cases the differences were slight and in three instances 
the conditions were actually reversed. Moreover, the Greening tree 
that received a tar distillate spray thruout the spraying season after 
foliage was present showed practically the same number of infested 
terminals as did a near-by Greening tree that was treated with bordeaux 
mixture and arsenate of lead. These results indicate that foliage treat- 
ments with tar distillates are not dependable for the control of this insect. 
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Comparing trees of the same variety and on which the same fungicide 
was used, on the basis of ‘““‘wormy’”’ fruit, in no instance was a tar dis- 
tillate spray as efficient against codling moth as arsenate of lead; nor did 
one brand of tar distillate used alone control the pest as well as did 
arsenate of lead and lime sulfur. Sixteen trees treated with tar washes 
in fungicides gave from 13 to 904 per cent (average 174 per cent) more 
‘“wormy” apples than did corresponding trees treated with arsenate of 
lead in the same fungicide. On the basis of total codling moth injury, 
fifteen trees treated with tar distillates had more injury from codling 
moth than the companion trees sprayed with arsenate of lead, while one 
pair of trees showed the contrary. The average gain for arsenate of lead 
was 88 per cent (range 3 to 389 per cent except the case where one tree 
showed a loss of 31 per cent). The data indicate that on the average the 
fungicides decreased the efficiency of codling moth control. Bordeaux 
mixture appears to have caused the most marked decrease, while lime- 
sulfur occupies a mid position and dry-mix seems to have had the least 
effect. There was a wide variation in codling moth control when the 
same brand was used on different varieties, so that altho some brands 
appear to have given better results than others, this point was not 
established and can be proved only by testing all the brands on the same 
varieties of apples. 

At present prices the cost of 100 gallons of spray mixture, when the 
tar distillate emulsions are used at the rate of % gallon in 100 gallons 
of mixture, varies from 26 to 38 cents. Arsenate of lead at the rate of 2% 
pounds per 100 gallons, on the same basis, costs from 30 to 40 cents, so 
the difference in cost of materials is slight. 

Conc.usions.—The fact that tar washes apparently are compatible 
with fungicides may prove of value in orchard practice where it is 
desired to use these two remedial measures in dormant applications. 

The field trials seem to indicate that before much progress can be 
made in experiments aimed at the control of codling moth and other 
orchard insects by use of foliage applications, the cause of leaf injury, 
russeting and pitting must be determined and eliminated. 

With early varieties, residue from tar washes might be an important 
problem, not so much on account of any effect on the health of the con- 
sumer as that the fruit is made unsightly. 

The effects of tar distillates on the apple aphid were so variable that it 
is impossible to state whether or not the insect might be practically con- 
trolled by the use of these materials in cover sprays at the dilution used. 
It might be possible that more careful timing of the application would 
result in higher and more constant efficiency against this insect. Even if 
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this result were possible, the practical value of the treatment would be 
influenced by the possibility of injury to the fruit. 

Of sixteen comparisons on codling moth control, on the basis of per- 
centage of ‘“‘wormy” apples, arsenate of lead proved superior to tar 
washes in every case. Such a result would occur by chance only once in 
65,000 times. On the basis of total codling moth injuries, arsenate of 
lead proved superior to tar distillates in fifteen of the sixteen com- 
parisons, and in one instance the reverse was true. The odds of these 
results being due to chance are over 4,000 to 1. Note carefully, how- 
ever, that neither of these odds prove that arsenate of lead is superior to 
tar washes in the control of this insect. All that they show is that in this 
particular experiment arsenate of lead apparently gave the highest 
control. Further tests may show that by more careful timing of the ap- 
plications, with better mixtures, greater concentration or more frequent 
treatment, tar washes may prove to be of equal value or even more effi- 
cacious than arsenate of lead. On the other hand, unless fruit and 
foliage injury can be eliminated to such an extent that more treat- 
ments can be made, greater concentrations used, or more careful timing 
can be effected, it is difficult to see how tar washes can be used as foliage 
treatments in commercial orchards under New York conditions, at 


least with many varieties of apples. 


THE RELATIVE TOXICITY OF TRISODIUM ARSENITE AND 
ARSENIOUS ACID TO THE HOUSE FLY, 


MUSCA DOMESTICA L. 


By ALLEN M. PEARSON and CHARLES H. RicHarRpson, Jowa State College, 
Ames, Iowa 


ABSTRACT 


Solutions of arsenious acid and trisodium arsenite of various pH values were fed 
quantitatively to newly-emerged adult house flies. The solutions contained 15 
grams of sucrose per 100 cc. Under these conditions, the toxicity of arsenious acid 
(pH 6.58 to 6.96) was indistinct from that of trisodium arsenite (pH 11.3 to 11.4), 
possibly the result of buffer action within the digestive tract. The M. L. D. for the 
two forms of trivalent arsenic was 0.14 mg. arsenic per gram of body weight. This is 
comparatively a large M. L. D. for an insect. Arsenious acid solutions were not 
repellent at any arsenic or hydrogen-ion concentration used; trisodium arsenite 
solutions of equivalent As concentration were not repellent at pH 11.3 and 11.4, but 
were distinctly repellent at higher pH values. In practice, no more alkali should be 
added to a house fly bait than is necessary to hold the trivalent arsenic in solution. 


‘Contribution from the Department of Zoology and Entomology. 
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Arsenious oxide dissolves in water to form the highly toxic arsenious 
acid which reacts with alkali hydroxides to produce toxic soluble ar- 
senites. Arsenious acid is a weak, highly undissociated compound where- 
as its sodium salts, in aqueous solution, are highly ionized. A solution 
of arsenious acid contains, therefore, trivalent arsenic largely in mole- 
cular form whereas, in solutions of the sodium salt, the arsenic exists 
mainly as arsenite ions. 

The investigation herein reported had three major objectives: First, 
to determine the relative toxicity, when administered by mouth to an 
insect, of trivalent arsenic in a highly molecular and in a highly dis- 
sociated form; secondly, to obtain quantitative data on the toxicity of 
trivalent arsenic to the adult house fly, Musca domestica L.; and thirdly, 
to compare the repellence of trivalent arsenic in nutrient solutions of 
varying hydrogen ion concentration to adults of the same insect. It was 
felt that the outcome of such an investigation would contribute 
toward the practical use of poison baits for this and possibly other 
insects. 

MAaATERIALS.—The larvae of the flies were reared in a food mixture, 
similar to the one described by H. H. Richardson (11), at temperatures 
between 29° and 33° C. In order to avoid possible variation due to 
ingested food, only unfed adults, 6 to 8 hours after emergence, were used. 
Flies of this age will readily ingest dilute sugar solutions. The unfed flies 
weighed from 5 to 21 milligrams, but to obtain a population more homo- 
geneous in size only those which weighed from 12.5 to 20 milligrams were 
accepted as experimental material. 

Arsenious oxide C. P. was purified according to the method of Ander- 
son and Story (1) which converts the compound to the octahedral 
crystalline form. It was dissolved in distilled water to produce the 
arsenious acid solutions. Trisodium arsenite solutions were prepared 
from stoichiometric quantities of the oxide and of a standard sodium 
hydroxide solution which was practically free from carbonates and 
silicates. Under ordinary conditions, only monosodium arsenite prob- 
ably exists in solution but in order to obtain solutions of high pH value, 
in which dissociation approaches a maximum, the quantity of sodium 
hydroxide, above stated, was used. The arsenic content as AseOs was 
determined by the standard iodine titration method. Cane sugar 
(sucrose) was added to all the arsenical solutions at the rate of 15 grams 
per 100 cc. 

MetuHops.—A single fly was weighed in a tared weighing bottle, 
allowed to imbibe a drop of the solution, and immediately weighed 
again. The quantity of food ingested was determined by difference, all 
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weighings being made to the fourth decimal place. From these data, the 
ingested dosage, in milligrams per gram of body weight was calculated. 
The arsenical solution was offered to the insect on a glass plate beneath 
an inverted weighing bottle. The fly usually located and ingested the 
drop in less than two minutes. If allowed to feed freely, many of the flies 
will consume more than their weight of solution in less than one minute. 
Since engorgement was nearly always closely followed by regurgitation, 
it was found necessary to control the quantity of solution imbibed. By 
the use of a simple micropipette the volume of the drop offered was kept 
approximately within 0.0025 cc. to 0.0030 cc. This procedure prac- 
tically eliminated loss of food by regurgitation. In the very few cases of 
regurgitation observed, the fly generally died in a few hours, suggesting 
that the arsenic had induced expulsion of the material after the lethal 
action had begun. 

The error resulting from the adherence of the arsenical liquid to the 
legs of the fly is well within the experimental error of the method as evi- 
denced by the use of stained solutions. Flies which fed upon these 
solutions left no visible marks on a clean glass plate when they walked 
upon it. 

After each fly was fed and weighed it was placed in an individual cage 
at room temperature, and observed at intervals for 144 hours. The food 
consisted of fresh milk which was fed twice daily. A corresponding 
number of control insects which were initially fed an equivalent cane 
sugar solution (without the arsenical compound), were caged and fed in 
the same manner. Of the 85 control flies used in the trisodium arsenite 
tests, 2 died in 8 hours, 4 in 60 to 113 hours, mean 82 hours, and 79 
survived. The 109 controls of the arsenious acid series were less viable; 
2 died in 20 to 24 hours, 19 in 44 to 140 hours, mean 98 hours, and 88 
survived. 

RESULTS OF THE Toxicity ExPERIMENTS.—The data (see Table 1) 
do not show a marked difference in the toxicity of the two compounds 
when administered to this insect according to the described methods. 
The data are statistically treated by first placing them in lethal, inter- 
mediate and sub-lethal zones (4) which in turn are divided into appro- 
priate time-survival groups (8). The median lethal dose (M. L. D.) is 
calculated statistically from the last two time-survival groups in the in- 
termediate zone. 

The M. L. D. of 0.17 milligram of As,O; per gram of body weight for 
trisodium arsenite is calculated from the means 0.187 and 0.159. By 
statistical comparison (5) these figures are distinct and therefore 0.17 is 
only an approximation to the M. L. D., but it is the best available 
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estimate from this treatment of the data. The figure 0.187 is, however, 
statistically similar to the means, 0.197 and 0.186 of the intermediate 
zone of arsenious acid. The latter two means are also indistinct (p = 
0.5). No explanation is offered for the low value of the mean 0.159 in 
the intermediate zone of trisodium arsenite. In the same manner, the 
mean survival times, 92 hours and 103 hours, are found to be indistinct 
(p = 0.4). 

The toxicity data have also been analyzed by the method of Trevan 
(13), in which the percentage of mortality is plotted against the dosage. 
The M. L. Ds by this treatment are 0.18 and 0.21 mg. As,O;/gram for 
trisodium arsenite and arsenious acid respectively; by the method of 
Campbell and Filmer (4) they are 0.19 and 0.20 respectively. Regard- 
less of the method of treatment, no marked difference was found between 
the M. L. Ds of the two compounds. The average of the M. L. Ds in 
Table 1, 0.18, is therefore accepted as the M. L. D. of these two arsenical 
compounds under the given conditions for the house fly. 

RESULTS OF THE REPELLENT EXPERIMENTS.—The repellence was de- 
termined by the ingestion or rejection of the drop of solution offered 
to the fly. The flies employed for this purpose were largely those which 
were used in the toxicity experiments. From 12 to 15 additional flies, of 
similar age and weight, were used with each of the 5 trisodium arsenite 
concentrations gteater than 0.132 gram AsO; per 100 cc. 

The behavior of the fly in contact with the food was, in general, con- 
sistent and characteristic. Upon approaching the drop of liquid, the fly 
touched it first with the proboscis and soon afterwards with the fore 
tarsi. If the liquid was strongly repellent, the fly backed away im- 
mediately and turned around. If, however, the repellent action was 
weak, the fly with its proboscis touching the drop, often hesitated before 
moving away, and sometimes ingested a small portion of the liquid. 
With subrepellent concentrations, ingestion of the liquid offered was im- 
mediate and complete. 

A summary of the repellent data is given in Table 2. Arsenious acid 
solutions were readily ingested at all concentrations of arsenic (As2Os3) 
offered regardless of the hydrogen ion concentration. Trisodium ar- 
senite solutions, of equal As,O; content, showed a definite repellent 
effect at concentrations greater than 0.148 gram per 100 cc., the 
hydrogen ion concentration in this region falling between pH 11.4 and 
11.5. 

It appears that repellent action is positively correlated with the pH 
of the solutions within the range of the arsenic and the hydrogen ion con- 
centrations employed. The pH of the solutions, as administered, was 
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determined with the glass electrode.? The electrode was carefully 
checked against phosphate buffers of the same pH range as the ex- 
perimental solutions. 


TABLE 2. REPELLENCE OF TRISODIUM ARSENITE AND ARSENIOUS ACID TO THE 
House FLy 


Grams As,O, per Trisodium arsenite Arsenious acid 
100 cc. of solution* pH Repellence pH Repellence 


0.066 11.3 None 6.96 None 
0.085 —- None -=-+ None 
0.099 — None --- None 
0.115 11.4 None 6.86 None 
0.132 —- Slight a None 
0.148 ——- Slowly ingested a None 
0.165 -—- 30% — None 
0.181 11.5 70% 6.78 None 
0.198 — 100% -—- None 
0.330 11.8 100% 6.58 None 
*All solutions contained 15 grams of cane sugar per 100 cc. 


Discussion.—When this investigation was planned, it was thought 
that results might be obtained similar to those previously reported (10) 
for the toxic action of molecular and ionic solutions of nicotine on 
mosquito larvae. It was realized, however, that the experimental con- 
ditions were different; that in the digestive tract of the adult house fly 
the presence of an acidic or an alkaline solution of trivalent arsenic might 
induce the secretion of substances which would shift the hydrogen ion 
concentration of the contents of the tract toward the normal value. If 
such a buffer action occurred, the toxicity of the nearly neutral arsen- 
ious acid solution and of the highly alkaline trisodium arsenite solution 
might become approximately equal. The results clearly show that when 
these two forms of arsenic in sucrose solution are ingested, they are of ap- 
proximately equal toxicity. Unfortunately, neither the hydrogen ion 
concentration nor the buffer value of the digestive tract of the adult 
house fly appears to be available. The recent work of Swingle (12) 
on the digestive tract of the larvae of the Japanese beetle (Popillia 
japonica Newm.) indicates, however, that a strong buffer action toward 
acids exists in this insect; it is not illogical to assume an equally great 
buffer action in the alimentary tract of the omnivorous adult house fly. 

Very recently, the work of Hoskins (6) on the toxicity to mosquito 
pupae of solutions of sodium arsenite of various hydrogen ion concen- 
tration has appeared. The results of this investigation show that the 
toxic action of acid solutions (pH 5) is about 4.5 times as rapid as that of 
basic solutions (pH 11). As mosquito pupae do not have a mouth 


*The authors are indebted to Professor L. D. Goodhue, Department of Chemistry, 
lowa State College, for these determinations. 
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opening, penetration of the arsenic through the external body tissues 
is the controlling factor in the toxicity of the solutions. Hoskins also 
noted that acid and basic solutions of trivalent arsenic show a much 
smaller difference in toxicity to mosquito larvae than to the pupae, and 
states that this might result from the buffer effect of the intestinal 
contentsof the larvae. 

The available information encourages one to speculate upon the buffer 
action of the digestive tract of insects toward toxic substances which are 
most effective at certain pH values. If, for example, the substance were 
most toxic at a low pH value, the buffer effect might be exerted in the 
direction of a higher pH at which toxicity would be reduced. 

The results given in Table 1 indicate that the M. L. D. of the two 
forms of trivalent arsenic is 0.18 mg. As2O;/gram or 0.14 mg. As***/ 
gram. Calculated in terms of arsenic, this is the largest M. L. D. for an 
insect with which we are familiar. It is more than double the M. L. D. 
as arsenic for Melanoplus femur-rubrum (DeG.) (9) and from about 7 to 10 
times that given for several lepidopterous caterpillars (2, 3). The 
M. L. D. for the house fly, it will be recalled, was obtained with adult 
insects less than a day after emergence. Whether flies of this age are 
more or less susceptible to arsenic than older flies was not learned from 
this investigation. 

Within a 5-fold range of arsenic concentration, nearly neutral so- 
lutions of arsenious acid (pH 6.58 to 6.96) are not repellent to the adult 
house fly. On the alkaline side, solutions of equivalent arsenic concen- 
tration become repellent at pH values greater than 11.4. It is apparent, 
therefore, that the house fly will readily imbibe solutions of high pH 
value even when they contain a very toxic concentration of arsenic. The 
investigations of Lloyd (7) may be interpreted as indicating that the 
house fly is even more sensitive to acid (formic acid) than to alakaline 
solutions. 

Considered from a practical viewpoint, the results of the experiments 
indicate that a relatively large quantity of sodium arsenite is required 
in a house fly bait. However, the frequent recommendation of 1 gram 
per 100 cc. of solution appears to be adequate. The results further 
show that highly alkaline bait solutions should be avoided and that no 
more alkali should be used than is necessary to hold the trivalent arsenic 
in solution. 
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FURTHER STUDIES ON THE RELATIVE TOXICITY OF 
POISONS FOR GRASSHOPPER BAITS’ 


By CHARLES H. RICHARDSON and GeorGe A. THURBER, Ames, Iowa 


ABSTRACT 


Adult differential grasshoppers, Melanoplus differentialis (Thomas) were fed 
determined quantities of a standard bran-molasses bait which contained known 
concentrations of arsenious oxide, sodium fluoride, cuprous cyanide, zinc phosphide, 
sodium fluoaluminate, acid lead arsenate and nicotine tannate. The estimated 
M. L. D. of the first three compounds is 0.11 milligram per gram of body weight; 
for zinc phosphide it is 0.52 mg./gram. Acid lead arsenate is much less toxic, the 
M. L. D. being approximated as 2 to 4 mg./gram; sodium fluoaluminate is evidently 
less toxic than acid lead arsenate. Nicotine tannate has a low but undetermined 
toxicity for this insect. The toxicity of some of these compounds for other insects is 
discussed briefly. Cuprous cyanide and zinc phosphide seem worthy of further 
experimental investigation. 

An investigation of poisons for grasshopper baits, initiated in the 
summer of 1931 (13) was continued during 1932. The purpose of this 
investigation has been to find a substance which can replace arsenious 
oxide either because it is more toxic to grasshoppers, has a lower toxicity 
to vertebrate animals, is available at reduced cost, or has some other 
advantageous property. Attention has also been given to information of 
general toxicological interest. 

This paper contains a report upon the comparative toxicity in a 
standard bran-molasses bait of arsenious oxide, sodium fluoride, cuprous 
cyanide and zinc phosphide for the differential grasshopper, Melanoplus 
differentialis (Thomas). Less complete information is also included on 
the toxicity of sodium fluoaluminate (cryolite), acid lead arsenate, and 
nicotine tannate for the same insect. 

MATERIALS.—Grasshopper nymphs which had hatched on the same 
day were reared in the greenhouse with fresh, young corn plants as their 
only food. When adult, they were practically free from diseases and 
parasites, and appeared to be otherwise normal except for a consider- 
ably reduced body weight. One hundred and twelve males weighed 
from 0.316 gram to 1.021 gram, with a mean of 0.619 gram; 129 females 
varied in weight from 0.378 gram to 1.647 gram with a mean of 0.743 
gram. The mean weight of these males was only 72.5 per cent and that 
of the females only 52 per cent of the weight of the wild grasshoppers 
used in the 1931 experiments (13). The smaller weight of the females 
of the laboratory reared insects resulted in part from the fact that they 
were used before they had accumulated large quantities of storage sub- 
stances. 


‘Journal Paper No. B 88 of the Iowa Agricultural Experiment Station. 
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Of the compounds employed in this investigation the sodium fluoride 
contained 99 per cent NaF, the cuprous cyanide 99.34 per cent CuCN, 
the sodium fluoaluminate 90+ per cent Na;AIF,, and the zinc phosphide 
98.7 per cent of Zn3P2. The nicotine tannate was prepared from a 
sample of nicotine of 99 per cent purity and chemically pure.tannic 
acid. The analyses of the acid lead arsenate and arsenious oxide, re- 
ported elsewhere (13), are comparable with those of the other com- 
pounds. 

The bait mixtures were presented to the insects in small, Pyrex dishes 
about 7 mm. in height and 35 mm. in diameter which weighed about 15 
grams. The dishes were fitted with ground glass covers to prevent loss 
of moisture from the bait during the weighing and transferring pro- 
cesses. 

MetuHops.—The bait mixtures were prepared according to the follow- 
ing formula: bran 25 grams, molasses, 6 grams, and water 34 grams. 
This differs from the formula used for the preparation of commercial 
baits principally in an increased water content. The quantity of poison- 
ous compound was varied from 0.1 gram to 1.0 gram to facilitate con- 
trol of the dosage. 

An adult grasshopper, which had been starved overnight, was weighed, 
and was then placed in a moist-chamber with one of the small dishes 
described above which contained a weighed quantity of the bait. After 
the insect had eaten the desired quantity of bait, it was removed to a 
small cage, supplied with fresh, green, corn foliage and observed con- 
tinuously during the day. The time at which an insect died during the 
night was estimated from a knowledge of its condition on the last ob- 
servation in the evening and the flexibility of its body in the morning. 
All insects were maintained at room temperature (27° to 32.5° C.) 
throughout the period of observation. 

Control insects from the same lot which furnished the experimental 
material accompanied each day’s batch of treated insects. Of the 78 
control insects used in these experiments, only 5.1 per cent died, all 
deaths occurring after at least 4 days. From the standpoint of viability, 
the insects seemed amply fit for the purpose. 

Resu.tts.—The results of the experiments with arsenious oxide, 
sodium fluoride, cuprous cyanide and zinc phosphide are summarized in 
Table 1. Experience with acid lead arsenate, sodium fluoaluminate and 


nicotine tannate was more limited and was inadequate as a basis for the 
estimation of the median lethal dose; however, the data are considered of 
sufficient interest to be summarized briefly here. 
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Acid lead arsenate was fed to 40 grasshoppers in doses varying from 
0.72 to 7.68 mg. /gram of body weight. Doses of 4.63 to 7.68 mg. /gram, 
six in number, were lethal, death occurring in 49 to 110 hours, average 77 
hours. Recovery doses fell in the range 0.72 to 4.18 mg. /gram, but in 
this series 6 of the 34 insects succumbed at lower doses, i. e., within 1.58 
to 3.78 mg./gram, their time variation being from 70 to 156 hours, 
average 110 hours. The median lethal dose (M. L. D.) for acid lead 
arsenate probably lies between 2 and 4 mg. /gram. 


TABLE 1. SUMMARY OF THE Toxicity Data (M. differentialis) 


Arsenious Sodium Cuprous Zinc 
oxide fluoride cyanide phosphide 


Lethal Zone 
Dosage range*.... . ..... 0940.15 2.61-0.18 5.80-0.21 3.87-1.04 


Range survival time in hours....... 32-84 22-101 18-107 22-59 
Mean survival time in hours... ... . 56 61 57 37 
Number insects. . . . 22 31 75 11 


Intermediate Zone 
Dosage range”. . 0.14-0.05 0.17-0.07 0.20-0.08 0.77-0.33 


Range survival time in hours.. . 22-144 47-155 30-158 41-162 
Mean survival time in hours. . 80 (86) 105 (86) 84 (86) 75 (86) 
Number insects: 

Died. ..... este Sis adic te 17 9 il 

Recovered. . . 14 5 8 
Median lethal dose (M.L.D.)* 0.09(.11) O.11¢.11) 0.13(.11) 
Mean dosage which killed* 0.10 0.11 0.13 
Mean recovery dosage*.. . . 0.08 0.11 0.14 


Sub-Lethal Zone 
Dosage range”. . 0.04-0.02 0.06-0.04 0.07-0.03 0.30-0.17 


Number insects. ... . . — 4 6 6 6 

*Dosages are given in mg. poison per gram of body weight of the insect. 

Sodium fluoaluminate is apparently even less toxic than acid lead 
arsenate to this insect. The doses ingested by 24 individuals varied 
from 0.36 to 7.19 mg. /gram, and recovery occurred from the six highest 
doses administered. Only 6 individuals died from doses ranging from 
0.36 to 3.98 mg. /gram, average 2.32 mg./gram. The times were 40 to 
101 hours, average 61 hours. The M. L. D. cannot be approximated 
from this series but it is undoubtedly very high. 

Ten grasshoppers were fed nicotine tannate in doses from 0.35 to 
4.14mg./gram. There were 8 recoveries from doses of 0.35 to 2.88 mg. / 
gram and two deaths in 65 and 141 hours from 4.14 mg./gram and 
1.75 mg. /gram respectively. This inadequate series serves to show that 
nicotine tannate is only slightly toxic to this insect. 

The mean dosages of the intermediate zones for the four compounds 
chiefly concerned in this study are given in Table 1. Statistical an- 
alysis by a small sample method (13) of the mean recovery dosage and 
the mean dosage which killed within the intermediate zone of each 
compound, shows that these two values differ significantly neither from 
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each other nor from the mean dosage of the entire zone. Therefore the 
mean of all doses within the intermediate zone is taken as the best avail- 
able criterion of the M. L. D. of each compound. On this basis, the 
M. L. Ds of the four compounds give the following ratios: arsenious 
oxide, 1.00, sodium fluoride, 0.82, cuprous cyanide, 0.70, and zinc phos- 
phide, 0.17. When the M. L. Ds of the first 3 compounds are statisti- 
cally compared, it is found that they are not significantly distinct, that 
as great variation in the M. L. Ds could reasonably well be expected 
if the three groups of insects had been fed the same poison. The means 
of the M. L. Ds for arsenious oxide, sodium fluoride and cuprous cyanide 
are therefore averaged to give 0.11 mg. /gram as the best estimate of the 
M. L. D. for these compounds. More abundant data would probably 
show small, though significant differences between them. The M. L. D. 
of zinc phosphide is very distinct from that of the 3 compounds above 
mentioned. 

In this treatment of the toxicity data, the figures have been arrayed 
according to dosage whereas in our previous publications (12, 13) they 
have been grouped under corresponding time survival groups. If the 
toxicity figures are sufficiently numerous and form a continuous series, 
treatment by either of these schemes will lead to the same result. In 
small samples, however, upon which one is often forced to rely, the 
chance grouping of the data sometimes favors one scheme of treatment 
over the other. The present data seem best treated as indicated above 
although by the method of arrangement in time survival groups the 
following M. L. Ds in mg. per gram were obtained: arsenious oxide, 
0.08, sodium fluoride, 0.10, cuprous cyanide, 0.14, zinc phosphide, 0.39. 
The first 3 figures correspond closely with the respective M. L. Ds in 
Table 1; the agreement of the figures for zinc phosphide is less satis- 
factory, the result, undoubtedly, of the small number of dosage values 
available. 

Differences between the mean survival times of the four compounds 
in the intermediate zone (Table 1) show, at most, doubtful significance 
(P = 0.1 to 0.7); and in view of the fact that the time data are less 
accurate than the dosage data, the four means are averaged giving 86 
hours as an estimate of the survival time. On the basis of this analysis, 
the speed of toxic action of the four compounds is similar, and the 
M. L. Ds of arsenious oxide, sodium fluoride and cuprous cyanide are 
alike, but the M. L. D. of zinc phosphide is distinctly larger. In order 
to detect any unusual effects of these compounds at higher dosages 
(lethal zone), the percentage of deaths which occurred in each 24-hour 
period was computed. Sixty per cent of the deaths from zinc phosphide 
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occurred in the second 24-hour period; cuprous cyanide ranked second 
with 34 per cent, whereas arsenious oxide and sodium fluoride had 28 
per cent and 22 per cent deaths respectively in this period. It is possible 
that zinc phosphide tends to kill more quickly at high dosage than the 
other compounds although it should be noted that the dosage ranges in 
the lethal zone for zinc phosphide and cuprous cyanide are higher than 
are those of the other compounds. The data from the zinc phosphide 
tests are suggestive but are insufficient to determine this point. 

Discussion.—The M. L. D. of cuprous cyanide determined by Camp- 
bell and Filmer (3) is 0.04 mg./gram for the fourth instar silkworm 
(Bombyx mort L.). More recently, Bulger (2) has found it slightly more 
toxic to the catalpa sphinx (Ceratomia catalpae Bdv.), the M. L. D. 
being 0.025 mg./gram. Our experiments indicate that it is about as 
toxic as arsenious oxide to the differential grasshopper, an insect which 
appears to be more resistant to several arsenical compounds than the 
lepidopterous and coleopterous larvae heretofore tested by precise 
methods. In contrast, Campbell (4) reports the M. L. D. of arsenious 
oxide for the silkworm as between 0.015 and 0.020 mg. /gram, indicating 
that it is somewhat more toxic than cuprous cyanide to this insect. 
Although it probably cannot take the place of the cheaper arsenicals in 
baits, the high toxicity of cuprous cyanide recommends it for further 
consideration (5, 10) in the experimental control of the more resistant 
species, especially in situations where the soluble arsenicals or the less 
toxic acid lead arsenate are not suitable. The availability of cuprous 
cyanide of high purity and adaptability for use in sprays and dusts 
affords an opportunity to obtain more complete information concerning 
its effects upon foliage and also upon the toxicity of the spray residues to 
higher animals. 

Although zinc phosphide has been used in Europe at least since 1919 
(11), and has shown considerable merit in baits for crickets Malenotti 
(7, 8); Maylin (9); Aurivel (1), it is not well known in America. It isa 
crystalline, friable compound, with metallic luster, and a specific gravity 
of 4.55 to 4.76, but it may also be obtained in a pulverized condition. 
Its solubility in water and in alcohol is negligible though strong acids dis- 
solve it with the evolution of phosphine. Malenotti (6) states that 
vegetation which has been sprayed with it in control operations for 
grasshoppers, is not injured. 

Our results indicate that zinc phosphide is about one-fifth as toxic as 
arsenious oxide though still much more toxic than acid lead arsenate to 
the differential grasshopper. Low solubility in water and a fair degree of 
toxicity to a resistant insect recommend it for further experimental trial. 
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A quantitative estimate of the toxicity of sodium fluoride by precise 
methods has apparently not been published. The above described tests 
show that it has about the same M. L. D. as arsenious oxide for this 
species. The value is similar to the M. L. D. of sodium fluosilicate for 
M. femur-rubrum (DeG.) 

The M. L. D. of arsenious oxide for M. differentialis is about one-third 
the value reported recently (13) for M. femur-rubrum. The difference 
may be statistical as the value for the latter species is admittedly an 
approximation based upon inadequate data. It may also be due in part 
to differences in the species, to the nutritional condition of the popu- 
lations from which the respective insect samples were drawn, or to 
other causes. It is interesting to note in this connection that the 
M. L. Ds of the soluble arsenites for femur-rubrum are similar to that of 
arsenious oxide for differentialis. 
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THE RELATIVE TOXICITY OF NICOTINE, ANABASINE, 
METHYL ANABASINE, AND LUPININE FOR 
CULICINE MOSQUITO LARVAE 


By F. L. CAMPBELL and W. N. SuLLIVAN, Bureau of Entomology, and C. R. Smitn, 
Bureau of Chemistry and Sotls, U. S. Department of Agriculture 


ABSTRACT 

Based on concentration required to kill 50 per cent of a population of culicine 
mosquito larvae in 8 hours at 29.3°C., the relative toxicity of four alkaloids is as 
follows: nicotine 100, anabasine 38, methyl anabasine 21, and lupinine 6 (?). Ac- 
cording to unpublished observations of others, nicotine and anabasine may be equally 
effective against aphids. Nicotine and anabasine are much less toxic than rotenone 
against mosquito larvae and house flies. 

Methods for preparing the alkaloids and for obtaining, rearing, counting, and 
transferring mosquito larvae are described. 


The purpose of this paper is to describe certain methods that were 
found convenient for obtaining and using culicine mosquito larvae as 
test insects for insecticides, and to give the results of comparative tests 
of certain alkaloids related to nicotine. These alkaloids, i. e., anabasine, 
methyl anabasine, and lupinine, were prepared from a commercial sam- 
ple of “‘anabasine sulphate, 40 per cent’’ imported from the U.S. S. R. 
This commercial product was obtained from a Russian weed, Anabasis 
aphylia L. Anabasine is of particular interest because it is identical, ex- 
cept in optical activity, with synthetic neonicotine (5), which was found 
by Smith, Richardson, and Shepard (6) to be as toxic for Aphis rumicts 
as nicotine. 

CHEMICAL MATERIALS AND Metuops.—The first samples of “‘ana- 
basine sulphate’’ received by the Insecticide Division, Bureau of Chem- 
istry and Soils, were found to contain not only anabasine but also me- 
thyl anabasine and possibly small quantities of other low-boiling alka- 
loids besides lupinine, which boils at 270°C. Recent samples of “‘ana- 
basine sulphate, 40 per cent’’ were found to contain 40 per cent of total 
alkaloids, of which 72 per cent was anabasine (levo-neonicotine), 18 
per cent lupinine, and about 10 per cent higher alkaloids boiling much 
above 281°C., the boiling point of anabasine. The alkaloids used in the 
present tests were prepared from one of the recent samples as follows: 

The total alkaloids of the ‘‘anabasine sulphate’’ were freed by treat- 
ment with strong alkali. The mixed alkaloids separated on standing in 
a separatory funnel. After removal of the alkali layer, ether was added 
to facilitate the complete removal of the total alkaloids. The ethereal 
solution was first dried completely by standing it over lumps of potash, 
then the ether was removed by evaporation on the steam bath, and the 
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residue of alkaloids was distilled under vacuum, leaving behind only a 
little basic tar. The distilled bases were mixed with water and dissolved 
by means of hydrochloric acid, which was added until the solution was 
just acid to litmus paper. 

Anabasine appeared to be the only alkaloid present with a free imino 
group and was therefore readily separated by the addition of sodium 
nitrite in excess. The nitroso-anabasine separated completely as an oil 
and was removed mechanically. Although ether is not a good solvent 
for nitroso-anabasine, the addition of a small quantity facilitated separa- 
tion of the two layers. After the ether had been removed, the nitroso- 
anabasine was converted into anabasine by treatment with excess of 
concentrated hydrochloric acid and heating it on the steam bath for 
several hours. The anabasine was recovered by treatment with alkali, 
extraction with ether, and distillation in the usual manner. 

Anabasine thus obtained boiled between 280.6 and 281.4°C. (cor.) 
and gave a picrate which after one crystallization melted sharply at 
213°C. The anabasine was undoubtedly very pure. Anabasine is 
soluble in water in all proportions at all temperatures and, in contrast 
with nicotine, is only slightly volatile with steam. 

The acid layer from which the nitroso-anabasine was separated was 
used for the preparation of the lupinine. The acid solution was made 
alkaline, and extracted with ether, the ethereal solution dried, the ether 
removed by evaporation, and the alkaloidal residue distilled in vacuo. 

The lupinine and high boiling alkaloids were contained in this fraction 
and were separated by distillation at atmospheric pressure, the fraction 
below 280°C. being collected for lupinine. The lupinine crystallized out 
in a solid mass and was purified by crystallization from petroleum ether. 
Pure lupinine melts at 69°C. and boils at about 270°C. Lupinine occurs 
in certain plants growing on the ranges of the Southwest and has been 
found poisonous to grazing livestock. 

Since the sample of ‘‘anabasine sulphate’’ used in this work did not 
contain methyl anabasine, this product was made by methylation of 
anabasine by means of dimethyl sulphate in the usual manner. To as- 
sure the absence of unaltered anabasine, the nitrous acid method was 
used to separate the anabasine, and the methyl anabasine was obtained 
from the acid liquid. Methyl anabasine boils at about 270°C. and is 
soluble in cold water in all proportions. Concentrated solutions on 
warming form two layers just as do nicotine and other compounds 
with the N-CH; group. 

ENTOMOLOGICAL MATERIALS AND METHODS.—Two series of tests were 
made, one in September with larvae from eggs collected on the grounds 
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of the Takoma Park, Md., station, and the other in November with 
larvae from eggs sent to this station from the Bureau laboratory at 
Orlando, Fla., through the kindness of F. C. Bishopp and G. H. Bradley. 

The local eggs were collected daily from a small natural pool in a 
sheltered spot, and also from jars and pans containing water and decay- 
ing leaves. The eggs were placed on the surface of water in 6-inch 
battery jars, from 3 to 6 egg masses per jar. To each jar nearly full of 
water 50 cc. of yeast suspension Was added from a stock suspension 
containing one-half pound of baker’s yeast per liter of water. The jars 
were left uncovered in a screened outdoor insectary. Under these condi- 
tions the larvae developed satisfactorily in most jars and reached the 
fourth instar in 5 to 9 days, when they were used for the tests. 

Contrary to the experience of Marcovitch (2), the writers found yeast 
more satisfactory for the rearing of mosquito larvae than dried blood. 
Although detrimental scum formation did occur in some of the yeast 
cultures, it always occurred in dried-blood cultures accompanied by 
obnoxious odors. The course of decomposition of the cultures was un- 
doubtedly dependent on the types of nicroorganisms that happened to 
lodge and develop in them. Most of the yeast cultures did not change 
in appearance during the development of the larvae. Some turned 
green and others red without injury to the larvae. Even in the cultures 
that did not turn red or green, many of the mature larvae were distinctly 
colored pink, orange, green, blue, or violet. Several samples of adults 
from local larvae were examined by Alan Stone, of the Bureau of Ento- 
mology. Culex pipiens L. and C. territans Walk. were found. One or the 
other or both species may have been used in these tests. 

The Florida eggs were sent to the writers daily by air mail. They 
were placed on cheesecloth over moist cotton in pill boxes. The eggs 
arrived unhatched within 48 hours after they were laid. The egg masses 
were considerably broken up in transit, but the eggs were apparently 
not injured. The same culture medium was used as for the local larvae, 
but the jars were kept indoors and were covered with cheesecloth. An 
excellent hatch of eggs was always obtained, though as the weather 
grew colder the period of hatching increased and the resulting larvae 
were not so uniform in size. The larvae grew even better than they did 
in the insectary. Some jars must have contained from 3,000 to 4,000 
larvae, which when nearly mature covered the entire surface of the 
medium. Yet they throve under the apparently crowded conditions, 
indicating that the quantity of yeast added to each jar was usually 
greater than necessary. Scum formation rarely occurred in the labora- 
tory and none of the cultures changed color. No colored larvae were 
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observed. According to G. H. Bradley, Culex quinquefasciatus Say was 
the species sent from Florida. 

Both local and Florida larvae were handled in the following manner: 
Fourth-instar larvae in one or more jars were strained out by the use of 
a circular, flat, cheesecloth net. The net was sewed on a circle of heavy 
wire, which was held by two straight pieces of wire hinged to opposite 
points of the circumference. The wire circle fitted the inside circum- 
ference of the jar. The net was lowered into the jar vertically, and 
after the larvae came to the surface it was quickly turned horizontally 
within the liquid and lifted out, thus trapping the larvae and straining 
them out. The larvae were removed from the net immediately by 
bringing the side bearing them in contact with shallow water in a 4- 
quart white-enameled milk pan. When larvae were taken from more 
than one jar, they were mixed in the pan before further transfers were 
made. Since 100 larvae were drawn at random from the mixture for 
each test and since all compounds to be compared were always tested 
simultaneously, it was immaterial for our purpose that more than one 
species may have been present or that the larvae may not have been 
uniform in size. 

The larvae were counted out in lots of 100 with the aid of a pipette de- 
signed for the purpose. It was made from a 10-inch piece of glass tubing 
(2 mm. inside diam.). One end was flared to 4 mm., and a bulb was 
blown near the other end. The bulb was packed loosely with cotton to 
prevent the larvae from being sucked out of the glass tube and into a 
rubber tube that was attached toit. By a sweep of the flared end of the 
tube just under the surface of the water in the milk pan and with simul- 
taneous suction on the rubber tube, water containing larvae was drawn 
up into the pipette. The diameter of the tube was such that the larvae 
were distributed along its length almost in single file. Although they had 
room to wriggle, they could not readily pass one another, and it was 
possible to count rapidly from 15 to 25 larvae at a time in spite of their 
movements. The counted larvae were transferred to small beakers of 
water, 100 larvae to a beaker. Up to this point the procedure was the 
same as that used in tests of rotenone and related compounds that were 
exposed to light (7). 

The tests were made in 125 cc. Erlenmeyer flasks containing 100 cc. 
of solution. In order to transfer the larvae from the beakers to the solu- 
tion in the flasks two slightly different methods were used. The local 
larvae were poured out upon a piece of cheesecloth stretched loosely over 
a 2% inch glass funnel. After they were washed with water from a wash 
bottle, the cloth was turned over on the funnel and the larvae, now cling- 
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ing to the under side, were washed through the funnel into an empty 
flask by pouring through the cheesecloth part of the solution to be 
tested. The remainder of the solution was added directly to the flask. 
The Florida larvae were filtered and washed in the same way, but the 
wet chesecloth bearing the larvae was then wrapped about the rounded 
end of a test tube in such a way that the larvae occupied a smooth area 
on the outside of the cloth. The tube was then dipped into the solution 
in the flask and the larvae swam away immediately. With this method 
the flasks could be placed in the water bath (29.3 + 0.1°C.) and the 
larvae added later without removing the flasks from the bath. The 
latter method was also more satisfactory in other respects and could be 
used with suspensions as well as with solutions. 

EFFrect OF THE ALKALOIDS.—The behavior of mosquito larvae in 
solutions of nicotine has been described by Richardson and Shepard (3). 
In preliminary experiments to determine suitable concentrations for 
comparative tests, the present writers noted the rapid and violent effect 
of nicotine as opposed to the slow and mild effect of rotenone. Nicotine 
at any concentration that failed to kill all the larvae exerted nearly all 
its lethal effect in the first half hour of the test. Larvae that withstood 
the initial action seemed to become accustomed to the environment, be- 
haved normally, and lived indefinitely. Anabasine and methyl anasba- 
sine did not effect the larvae as rapidly and violently as nicotine and the 
period during which deaths occurred was longer. The action of lupinine 
was even more mild and slow. 

Owing to the commotion caused by nicotine among the larvae, it was 
impossible to determine the time at which half the larvae were unable to 
reach the surface, the end point chosen in tests of rotenone. It seemed 
best to determine the number of dead and moribund larvae at the end of a 
period of time sufficient to permit all four alkaloids to produce their maxi 
mum effects at the concentrations chosen. Preliminary tests indicated 
that the number “‘down”’ at the end of eight hours would be satisfactory. 

RELATIVE TOXICITY OF THE ALKALOIDs.—The results of 3 series of 
tests against local larvae and 8 series of tests against Florida larvae are 
given in Table 1. The average mortality in all tests is plotted against 
concentration in Figure41. The concentrations of the alkaloids, except 
lupinine, were chosen so that one would give more than a 50 per cent kill 
and another less. The quantity of lupinine available was insufficient to 
permit the use of concentrations high enough to kill 50 per cent or more 
and only 5 instead of 11 series of tests could be made with lower concen- 
trations. Water checks were not included in these tests, because the 
mortality was negligible in the dozens of checks that were run previously. 
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Since only three concentrations of nicotine, anabasine, and methyl 
anabasine were tested, the points in Figure 41 are too few to describe the 
true shape of the curves. It was not our purpose, however, to obtain and 
study sigmoid curves, but rather to determine by repetition of tests and 
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Fic. 41.—Relation of concentration of four alkaloids to mortality of mosquito larvae 
after 8 hours at 29.3 +0.1°C, The figures given for mortality include those for 
dead and moribund larvae. 


by graphical interpolation the approximate concentrations required to kill 
50 per cent of the larvae. From Figure 41 these concentrations are: 
nicotine 0.093, anabasine 0.245, and methyl anabasine 0.45 gram per 
liter. One test of lupinine at 2 grams per liter indicated that the con- 
centration required to kill 50 per cent in 8 hours might be about 1.5 
grams per liter. Calling the effect of nicotine 100, the relative toxicity 
or relative effectiveness of the four alkaloids under the conditions of 
these tests is as follows: nicotine 100, anabasine 38, methyl anabasine 21, 
and lupinine 6 (?). Every series of tests placed the alkaloids in the 
order just given. The numerical relationships are, of course, not so sure, 
but nicotine is certainly more than twice as toxic as anabasine for culi- 
cine mosquito larvae by the criterion adopted. 

The average mortalities of local and Florida larvae are given in Table 
1. They agree well enough to support the conclusion that the relative 
effect of the alkaloids was much the same on the two or more species that 
were used. 





OZBIVAB PUBIL) 








_- 


*** “UMOP OBAIR] BPO] y Jo Joquinyy 


BISSsKLS | SS 
WTM OWNS | KMS 


Sc CHMTHOMe 


- 


ost 


$8 It 1g 
96 vz 89 
61 v6 ol 9€ LL 


i) 





ce 
gL 
0OT 


g0 g2'0 $20 0 g2°0 10 Sz'0 $0 g0'0 $20°0 10 
‘4 ‘39411 ‘3344 ‘2244 ‘Je4t] ‘J94] ‘J94t] ‘Jatt ‘3931 ‘Jay ‘04 
Jad “airy Jed “uir) Jed ‘un sod — Jad ‘ur Jad ‘un Jod ‘ur sed ‘us Jed ‘uiry sod ‘ui Jed ‘win 
euruidn’] ouiseqeue [AyWT auiseqeuy @UTIOOIN 
ISa], Wd AVAUV’] OOL “O.1' OF 6% LV ANINIAN’] 
GNV ‘ANISVEVNY ‘IAHLUJ{ ‘ANISVEVNY ‘ANILOOIN 40 SNOILN'10G NI SUNOP § WALAY ,,NMOC],, AVAMV’] OLINOSOW 40 AAAWAN “| AAV] 


< ats 





: 
5 
= 
Y 
= 
z 
: 
8 
= 
Zz 





April, 33] CAMPBELL ET AL: TOXICITY OF NICOTINE, ETC. FOR CULICINELARVAE 507 


Discussion.—The possibilities of new insecticides, such as anabasine 
or rotenone, can not be considered adequately explored until they have 
been tested against many species of insects under many conditions. 
The present results are therefore to be regarded as a very small but 
definite contribution, which alone does not indicate the practical 
possibilities of anabasine as a nicotine substitute, but which may prove 
useful when added to the data that are likely to be secured later. 

Through the kindness of W. S. Abbott, in charge of the Silver Spring, 
Md., testing laboratory of the Food and Drug Administration, the 
writers were permitted to see and to comment on unpublished data se- 
cured by G. D. Reynolds and S. C. Billings, who tested anabasine and 
commercial anabasine sulphate against 5 species of aphids at various 
concentrations. Although nicotine was not tested in direct comparison, 
they believe that anabasine is as good an aphicide as nicotine. 

The following results, which have not been published, were obtained 
in the State of Washington by M. A. Yothers and E. J. Newcomer, of 
the Bureau of Entomology, cooperating independently with S. W. 
Griffin, C. W. Murray, and J. E. Fahey, of the Bureau of Chemistry and 
Soils. 

Yothers compared commercial anabasine sulphate, 40 per cent, and 
commercial nicotine sulphate, 40 per cent, both at 1:1,600 in a 1 per cent 
mineral oil emulsion. Apple shoots infested with the apple aphid were 
sprayed with these mixtures and were placed in a cage where they were 
left until the counts were made two days later. Anabasine sulphate- 
mineral oil emulsion killed all of 2,340 aphids. Nicotine sulphate- 
mineral oil emulsion killed 98.3 per cent of 3,535 aphids. The mineral 
oil emulsion alone killed 78.3 per cent of 2,055 aphids. 

Newcomer compared two samples of commercial anabasine sulphate, 
40 per cent, with one sample of commercial nicotine sulphate, 40 per 
cent, all at 1:1,600 in a 1 per cent mineral oil emulsion. The tests were 
made in June against newly hatched codling moth larvae. Each mixture 
was sprayed on two sets of 5 apples. One set was tested immediately 
after spraying and the other a week after spraying. Ten larvae were 
placed on each apple. In the ‘‘immediate’’ tests 58 and 70 per cent of the 
larvae entered the apples treated with anabasine sulphate, 32 per cent 
entered those treated with nicotine sulphate, and 84 per cent entered the 
check apples. In the ‘‘delayed’’ tests the percentages of entrances were 
as follows: anabasine sulphate 88 and 80, nicotine sulphate 82, check 92. 
The tests were repeated later in the summer with essentially the same 
results. 
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The present writers made one series of tests of nicotine, anabasine, 
methyl anabasine, and lupinine against house flies. Solutions of the 
alkaloids in absolute ethyl alcohol (1.0 gm. per liter) were sprayed on 
the flies in a screen-covered Petri dish at the bottom of a cylindrical 
glass spraying chamber. Since none of the alkaloids affected the flies, 
it does not seem necessary to give here a detailed account of the proce- 
dure. It is sufficient to say that rotenone (0.1 gm. per liter), applied in 
exactly the same way, usually killed more than 50 per cent of the flies. 
Nicotine in water with saponin as a spreader was sprayed on house 
flies at higher concentrations. At 2 gm. per liter it had no effect. At 10 
gm. per liter it had a temporary effect. About 15 minutes after the treat- 
ment nearly all the 50 flieswere down. Some of them were able to walk, 
but walked backward as well as forward and also in circles, pivoting on the 
hind legs. In less than an hour after the treatment every fly was normal 
and able to drink milk. If nicotine had been a new compound, the 
writers might have concluded that its toxicity was so low as to make it 
unworthy of further tests as a contact poison. These results with house 
flies show the danger of discarding a substance because it fails against 
one species of insect. 

Tests against mosquito larvae as well as those against house flies 
showed that rotenone is much more toxic than nicotine. Although 
Shepard (4) also found that rotenone is more toxic than nicotine for 
mosquito larvae, he did not do justice to rotenone, because he compared 
the two compounds at only one concentration, 0.1 gm. per liter (1:10,000). 
As shown in the present paper, nicotine is not effective at concentrations 
slightly below 0.1 gm. per liter, whereas rotenone is as effective at 0.005 
gm. per liter as it is at 0.1 gm. per liter (7). 

The normal behavior of larvae surviving in 1:10,000 solutions of nico- 
tine made it seem possible that the concentration of the solutions might 
have been reduced by the larvae, perhaps by adsorption. Accordingly 
100 cc. of a 1:10,000 solution of nicotine were placed in each of four 
Erlenmeyer flasks. To each of three of them 100 mosquito larvae were 
added and the fourth was kept stoppered without larvae as a check. 
At the end of 9 hours 75, 80, and 86 larvae were down. All larvae were 
then filtered out on cheesecloth, and the three test solutions and the 
check were sent for analysis to H. D. Young, Insecticide Division, Bureau 
of Chemistry and Soils. He found 9.30 mg. of nicotine in the check and 
9.29, 9.39, and 9.38 mg. in the solutions in which larvae had died. In 
other words, the larvae did not remove a detectable quantity of nicotine 
from the solutions, and the survivors, therefore, were apparently able to 
accustom themselves to the original concentration 
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Scientific Notes 


Injury to Carrot, Daucus carota, by Trifidaphis phaseoli (Pass.). While working 
with subterranean aphids in 1923-24 and '25, the writer collected T. phaseols from a 
number of different hosts. Although a considerable amount of collecting was done 
in vegetable gardens, this aphid was not taken from carrots at that time. During the 
past 2 years the species has been collected several times from carrots and other in- 
quiries concerning injury to this plant have been received. Severe injury to the 
carrot root may be caused by the presence of even a few lice. If the aphids are 
located on the sides of the root, large depressions occur, while if the infestation is 
about the growing tip, normal growth is stopped and several branching, almost 
fibrous, roots may result. To date all such reports and collections have come from 
the hill sections of the upper Ohio Valley. 

C. R. Cutrricut, Associate Entomologist, Ohio Agr. Experiment Station, 

Wooster, Ohio 


The Lesser Apple Worm (Grapholitha prunivora Walsh) in California. The larvae 
of this moth occur in wild rose haws and Toyon (Photinia) berries in various sections 
of the northern part of this State. The State Department of Agriculture has the 
following records of this species: larvae from rose haws, August 21, 1929, near Vaca- 
ville (Keifer), adults September 21, 1929; larvae from Toyon berries at Forest Hill, 
Placer County, September 8, 1929 (E. Gammon), adults November 16, 1929; larvae 
from rose haws near Marysville, October 6, 1930 (Carter), adults November 4, 1930. 
The writer has also noted these larvae in rose haws near Palo Alto. We have no 
records of the species as an orchard pest in the State. The authentication of the 
name is by Mr. Carl Heinrich. 

H. H. Kerrer, State Department of Agriculture, Sacramento, California 


Thylodrias contractus Mots., a Dermestid-like insect has recently been taken from a 
dwelling in Chicago. This pest, apparently introduced from Europe, was first re- 
corded in the United States in 1902, New York City. Felt reported its occurrence, in 
New York State Museum Report 31, 1916, and New York State Museum Bulletin 
194, 1917, and Weiss has reported it in New Jersey Department of Agriculture 
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Circular 108. The insect is reported in Chicago as having been first found a year and 
a half ago in miscellaneous packages containing wedding presents. It appears to be 
most prevalent among tissue paper. No damage from the insect has been noted but 
its persistence and occurrence everywhere have been most annoying. The Der- 
mestid-like larvae roll themselves into a ball when disturbed and can be distinguished 
from other Dermestid larvae by the single transverse row of erect clavate and spiny 
hairs that crosses the dorsum of each principal segment. Bdéving and Craighead give 
a good figure of the larva in ‘‘Entomologica Americana,”’ Vol. XI, No. 4, plate 90, 
1931, and Weiss figures the adult male and female as well as other stages in New 


Jersey Department of Agriculture Circular No. 108. 
C. L. METCALF 


The Beech Scale and a Fungus. The investigations of Mr. John Ehrlich, as pub- 
lished in Phytopathology, show a very interesting connection between this scale 
insect, Cryptococcus fagi, and a deadly fungus, provisionally identified as Nectria 
coccinea. He states that a survey in the affected regions, Maine and the Maritime 
Provinces of Canada, shows that approximately 90% of the beeches in forest stands 
and with a trunk diameter of over three inches are infected with this fungus and that 
approximately 50% are already dead where the attack has continued for several 
years. Field observations, inoculations, and other experiments, and histological 
studies show that the fungus enters the minutely fissured periderm of the trunk and 
branches where the scale insect has been feeding and goes rapidly through the bark 
into the cambium and peripheral sapwood, causing the death of these tissues. Both 
the fungus and the insect are distributed by wind, the fungal spores during and after 
rain, and the insect during egg and larval stages in summer and autumn. The fungus 
is spreading southward and westward and has been found in Maine, and the insect 
located as far south as Boston, Mass. The control of the insect on ornamental trees 
is the most feasible method of preventing damage by this associated fungous disease. 

E. P. FELT 


Sitotroga Production. A production unit set up in a manner somewhat like that 
described on page 1008, Vol. 23, of the Journal, and holding two-thirds of a ton of 
corn, was operated for a period of over five months. An egg production in excess 
of 12,000,000 was obtained from the moths produced. The monthly egg production 
was approximately as follows: 

September ‘ Te arene 6. ae 1,000,000 
October Pape. 5 inte inte 4,000,000 
November “hea es 3 4,000,000 
December. .. “ 2,000,000 
January... ne 0B a Se 4 ; 1,000,000 


The corn was packed in ten bins, each bin measuring 36 x 30 x 5inches. Instead of 
using a funnel, as previously described, a tube 1% inch in diameter was substituted. 
On the top side of the tube was a slot 1/16 inch wide opening into a cloth enclosure. 
Connected in line with this tube was an electric hair dryer and a moth receptacle con- 
sisting of a one-gallon glass jar with a screw top. 

The moths leave the grain and for the most part concentrate on the cloth in areas 
where they are subjected to optimum pressure from a constant air current which 
enters the enclosure through a slot % inch in width extending along the top of the 
enclosure. In collecting the moths the air pressure is not cut off, as previously sug- 





April, ’33] SCIENTIFIC NOTES 511 


gested, but the operator strikes the cloth several times to dislodge the moths resting 
on its inner surface. The moths drop to the V-shaped bottom of the enclosure, slip 
through the slot into the suction tube, and are carried to the moth receptacle. 

Collections are made once or twice daily, depending on moth emergence. The time 
required for each collection is about one minute. After each collection the jar is dis- 
connected, a 20-mesh screen cover is screwed into position, and the jar then inverted 
over a trough for egg deposition. An air current from an electric fan carries away the 
scale dust. 

STANLEY E. FLANpDERS, University of California Citrus Experiment Station, 

Riverside, California 


Some Early Observations Concerning Trichogramma. [In 1895, at a meeting of the 
South London Entomological Natural History Society, Mr. Enock exhibited and 
described at some length the egg-parasite, Trichogramma. He stated that he had 
made some 180 drawings of the various details of its history and structure. He then 
called attention to the economic benefit if the farming of this minute creature was 
carried out on a large scale. 

Maxwell-Lefroy, in 1899, wrote an excellent treatise on the ecology of Tricho- 
gramma in relation to its host, Diatraea, in the Barbados Islands. He presented the 
hypothesis that as the growth of the sugar cane increases, Trichogramma has an in- 
creasingly greater difficulty in finding the eggs of the cane borer. For the control of 
this moth he recommended collecting the eggs from young cane and only incidental 
to that placing the eggs so that the Trichogramma could develop to maturity and 
escape to the fields. He found that during April and May the moth deposited an 
average of 100 egg clusters per acre per week, and sometimes during May the parasi- 
tism exceeded 75 per cent; about one-fifth of all the parasitized egg clusters however 
were not entirely parasitized. He emphasized the fact that great numbers of eggs 
would be left unparasitized, implying that it was not the percentage of parasitism 
that was important. 

While working with the yellow form of Trichogramma in Texas, in 1904, Girault 
found that in the fall dark forms were produced, and as the weather became colder 
their numbers increased in proportion to the lighter forms. While working at its life 
history he found that it does not oviposit in the host egg after the egg turns black; 
that it develops in infertile host eggs; that it may reproduce parthenogenetically, but 
that usually the proportion of sexes are equal; and that it apparently hibernates in 
the pupal stage. 

STANLEY E. FLANDERS, Univ. of California Experiment Station, Riverside, California 


Worn-Out Motor Oil for the Control of the San Jose Scale. Southern peach 
growers have inquired frequently concerning the value of oil drained from the crank 
case of automobiles and tractors for the control of the San Jose scale. In order to 
answer these inquiries, experiments with worn-out motor oils emulsified with calcium 
caseinate were conducted during the winter of 1931-32, the results of which are given 
in the following table. 

These results indicate that worn-out oils from the crank case of automobiles will 
give very good control of the San Jose scale, provided the oil is completely emulsified 
and the emulsion is fairly stable. It was necessary to use a little more of the calcium 
caseinate to obtain a fairly stable emulsion of oil from the crank case of an automobile 
than is required for the emulsification of new lubricating oil. Growers who desire to 
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use worn-out oils for spraying fruit trees for the San Jose scale should dilute them to a 
4 per cent strength. There was no tree injury associated with the treatments re- 
ported above. Observations for tree injury were made semimonthly until May 23. 


RESULTs OF EXPERIMENTS WitH EMULSIONS OF WorN-OUT CRANK CASE-OILS FOR 
THE CONTROL OF THE SAN JosE SCALE ON PEACH TREES, Fort VALLEY, 
Georoia, WINTER OF 1931-32 

Average per- Average per- Per cent control 
Strength centage of scale centage of scale obtained from 


Date of treatment (per cent) 


Check—untreated 
February 
Check—untreated 


spraying 
89.5+0.85 
94.2+0.63 
90.8+1.49 
86.3+1.58 
88.2+2.19 
88.7 +0.49 
87.0+0.3 
85.5 
93.3+1.5 
92.0 


9.0+1.18 

8.8+2.26 

1.7+0.62 
88.7+0.49 

2.0+1.0 
86.5+0.4 

8.0+1.7 
79.0 
10.0+1.3 
90.5 


alive before alive one month worn-out motor 


after spraying oil emulsion 


90.2+1.3 
90.9+2.6 
98.2+0.5 
97.6+1.1 
90.0+2.0 


89.1+1.4 


‘Mixture of several worn-out oils emulsified with the usual quantity of emulsifier, 

*Mixture of several worn-out oils emulsified with an excess of emulsifier. 

Oxtver I. SNAPP and J. R. THomson, U.S. Bureau of Entomology, Peach Insect 
Laboratory, Fort Valley, Ga. 


Naphthalene for Midge Larvae in Tobacco Seed Beds. Tobacco seed beds in parts 
of North Carolina have been badly infested for the last two years with a species of 
small midge. The worm-like white larvae occur in the early spring when the seeds are 
germinating. In some beds they appear in such numbers that the upper layer of soil 
is pulverized and loosened up so as to interfere with the rooting of the young seedlings. 
Early in March of this year C. H. Brannon and the writer looked at a seed bed near 
Lumberton, N. C., which the owner, Mr. Ira Kinlaw, had sprinkled with flake naph- 
thalene. We were surprised to find thousands of midge larvae lying on the top of the 
ground apparently dead. Very few adult midges were present under the cloth. In an 
adjacent untreated bed the larvae were quite active and swarms of midges came out 
when the cloth was raised. There was no apparent injury to the plants in the treated 
bed. 

A supply of infested soil was taken to Raleigh and divided equally between six 
gallon jars. A pinch of naphthalene was scattered over the soil in one jar, another was 
used as a check and the other four treated with calomel, Sentene, barium fluosilicate 
and paradichlorobenzene. All were covered with cheese cloth and adult midges were 
counted daily for 13 days. The total number of midges emerging was as follows: 
naphthalene 45, calomel 100, Sentene 248, barium fluosilicate 1021, paradichloro- 
benzene 689, check 795. In the naphthalene experiment only one midge emerged 
while the naphthalene was present. Two days after the naphthalene had evaporated 
two midges appeared and 42 came out during the next three days. With the calomel 
experiment 93 midges appeared during the first two days and only 7 during the re- 
maining period. It would appear that naphthalene was more toxic to the older larvae 
and calomel more toxic to the younger larvae. 

Naphthalene was applied to young tobacco seedlings in cloth covered jars at rates 
equivalent to 1%, 3, 10 and 20 pounds to 100 square yards. In the two jars re- 
ceiving the heaviest dosage the plants died after several days, but in the other two 
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jars most of them were living after the naphthalene had evaporated. In a tobacco bed 
the gas would diffuse more rapidly than in the jars but 1% pounds to 100 square 
yards has been found to give satisfactory control of the midge. Additional appli- 
cations may be necessary as the material evaporates, while the plants are still small. 
Several tons of Naphthalene have been sold in two counties where the midge has been 
most abundant this year and no injurious effect on the plants has been reported. 
B. B. Futton, N. C. Experiment Station, Raleigh, N. C. 


Parasite Reared from the Elm Leaf Beetle and the Imported Willow Leaf Beetle. 
During 1932 members of the Melrose Highlands, Mass., station of the Division of 
Forest Insects, U. S. Bureau of Entomology, reared two parasites that, so far as is 
known, have not been previously recorded from the United States. Both are ap- 
parently important parasites of two injurious insect pests in New England. 

Larvae and pupae of the elm leaf beetle (Galerucella xanthomelaena Schr.) that had 
been collected in eight New England towns were kept under observation by J. V. 
Schaffner, Jr., and C. L. Griswold for possible emergence of parasites. Adults of a 
species of Tetrastichus, which C. F. W. Muesebeck later stated represented a new 
species, issued from collections made in Woburn, Waltham, and Danvers, Mass.; 
Stratham, N. H.; Newport, R. I.; and Southington, Conn. Judging by the emergence 
of parasites from these lots, it seemed that only prepupae and pupae of the beetle were 
attacked. P. A. Berry, who began studying the biology of the species, secured a few 
records regarding the percentage of pupae killed in the field. Forty-seven per cent 
of 400 pupae collected in Woburn, Mass., were parasitized, while 80 pupae taken in 
North Woodbury, Conn., and 50 taken in Washington, D. C., were parasitized to the 
extent of 42.5 per cent and 10 per cent, respectively. 

On August 17, 1932, C. E. Hood collected 100 pupae of the imported willow leaf 
beetle (Plagtodera versicolora Laich.) at Dracut, Mass. Sixty-nine were later found to 
be parasitized by a species that Mr. Muesebeck has identified as Schizonotus sieboldi 
Ratz., a European species quite possibly introduced with Plagiodera or some closely 
allied chrysomelid. Eighty-four of another collection of 100 pupae made in Milton, 
Mass., on September 14 were also parasitized, but Schizonotus adults issued from 
only 39. In the remaining 45 pupae the Schizonotus had been attacked by hyper- 
parasites. 

T. H. Jones, U. S. Bureau of Entomology 


Decay of Apple Tissue in Storage Associated with Cherry Case Bearer Injury. 
The Cherry Case Bearer, Coleophora pruniella Clem., is primarily a foliage feeder on 
both cherries and apples. However, the encased larvae commonly do a limited 
amount of feeding on the fruit of both host plants, especially in the later instars. Like- 
wise, many eggs are deposited on growing apples by the adult moths. It is not un- 
common to find two dozen or more eggs on as ingle apple in infested areas of Wisconsin. 

Case bearer larvae, upon hatching, emerge from the under sides of the eggs, which 
are broadly attached to the leaf or apple surface. Thus, on foliage, the newly- 
hatched larvae get between the upper and lower leaf surfaces and start feeding with- 
out being openly exposed at any time. Hatching of the eggs which are deposited on 
apple fruit occurs in the same way. The tiny larvae may puncture the cuticle, but 
none of them appear to develop to maturity, as apple’ tissue is not their normal food 
and they are usually unable to reach and enter the leaves. 

Orchardists have observed that decayed areas appear in apples so infested when 
they are placed in storage. In the fall of 1932, the writers collected 18 samples of 
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apples bearing case bearer eggs, which represented several varieties collected from a 
number of orchards. Each of these samples was divided into three lots for storage in 
three different environments. It was found that small areas of decay appeared under 
many of the eggs under all conditions of storage. Decay does not appear under all 
eggs on fruit, as some of them do not hatch. It was also found that a rot usually 
occurs around the small feeding areas of the older larvae upon the apple fruit. The 
most susceptible varieties observed appeared to be Snow and Northwestern Greening. 

It is not known whether these larvae introduce the rot-producing organism or 
organisms directly, or whether they only produce wounds which permit the entrance 
of secondary organisms. This problem is being further investigated at this Station. 

C. L. FLuke and J. H. Litty, University of Wisconsin 


The Species of Eumerus on Long Isiand. During the last few years it has generally 
been believed that the species Eumerus strigatus Fall. included all of the flies gen- 
erally referred to as the lesser bulb fly. However, Hodson (Bul. Ent. Res. London 
17, pt. 4, 1927) showed that two species, E. strigatus Fall. and E. tuberculatus Rond., 
were involved and that the latter was the more prevalent of the two in Holland and 
various parts of England. 

The work of L. M. Smith (Pan-Pac. Ent. 4: 139. 1928) revealed still another 
species, E. narcisst Smith. Smith described only the male of this species, but F. R. 
Cole later (1929) described the female and redescribed the male in an unpublished 
report. Randall Latta and F. R. Cole, in another unpublished manuscript (1930), 
gave extensive descriptions of all three species, with plates illustrating some of the 
points upon which the classification is based. 

This led to a check-up of the pinned specimens on hand at the laboratory at Baby- 


lon, which represented field collections for the years 1929, 1930, 1931, and 1932. 
Field specimens were collected with an insect net at various times of the day, through- 
out the season. In Table 1 the relative abundance of the two species as deduced 
from this check-up is shown. 


TABLE 1, EumMERvUs spp. ON LonG ISLAND, New YorK 
Field collection 
Species of 1929 1930 1931 1932 Total 
umerus -— fe fe © Fa Mm Fa M. Fa 
cent cent cent cent cent 

Tuberculatus.. 342 945 160 95.2 103 97.2 40 100 645 95.41 
Strigatus 20 =«=—5.5 8 4.8 3 2.8 0 0.0 8631 4.59 

During 1931 and 1932 closer observations were made to determine which species 
was most prevalent not only in the field but also in various other habitats. Collec- 
tions were therefore made periodically, throughout the active season of the adult 
bulb fly, in the following places: 

(1) In the field. 

(2) Inagreenhouse where bulbs from various sources were forced. 

(3) From a so-called ‘‘dump heap”’ which is a place where growers dispose of all 
decayed and undesired bulb materials. These heaps are sometimes left un- 
covered, thereby producing ideal conditions for the rearing of many kinds of 
scavengers. 

(4) From a stock cage, which is a large wire cage placed outside of the laboratory 
where all available fly-infested material is placed so as to have adult flies for 
experimental purposes during the following season. 

The collections from these sources, including the field material, gave the following: 
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TABLE 2. Eumerus spp. From OTHER HABITATS 
Season of 1931 
Species of Field Greenhouse Dump heap Stock cage 


Eumerus y No. Per No. Per No. Per 
cent cent cent 


Tuberculatus a 41 97.6 112 89.6 1,293 99.2 
Strigatus y 1 2.4 13 10.4 10 O08 


Season of 1932 


Tuberculatus 46 100.0 266 100.0 390 99.2+ 680 99.85 
Strigatus 0 0.0 0 0.0 3 0.8— 1 0.15 


From this study and according to Table 2 Eumerus tuberculatus Rond. was found 
to be the most common species under all conditions, which verifies the work of Hod- 
son. The percentage of E. strigatus Fall. was found to be considerably higher at the 
bulb dump heap, when compared with other habitats. This seems to suggest that 
this species is more of a scavenger than the others. 

It will also be seen from Table 1 that during 1929 the percentage of E. strigatus was 
5.5, whereas in 1930 it was 4.8; in 1931, 2.8; and in 1932, 0.0; which shows a general 
decrease of this particular species. 

Prior to these studies E. narcisst Smith was reported only from California and 
Oregon. In the spring of 1931, however, one male and one female were found in a 
greenhouse on Long Island where narcissus had been forced. These were very likely 
brought from the West Coast with bulb material. Evidently this species has not as 
yet become established on Long Island. 

The writers wish to acknowledge the aid of Dr. F. R. Cole, of the Bureau of Ento- 
mology, who furnished considerable material, including paratypes of E. naurcissi, for 
comparison. 

F. S. BLanton and F. J. Spruit, Division of Truck Crop and Garden Insects, 

U. S. Bureau of Entomology, Babylon, N. Y. 


A Leaf Miner Attacking the Cultivated Onion.' During the course of some in- 
vestigations of insects affecting the cultivated onion, the writers in 1930 found a few 
plants at Pleasant Valley, Iowa, whose foliage bore typical leaf-miner injury. Ex- 
amination of the infested plants proved the mines to contain dipterous larvae arid, 
since there appeared to be no record of an onion leaf miner in the literature of Amer- 
ican entomology, efforts were made to carry these larvae to maturity. These efforts, 
however, proved unsuccessful, as nothing but small parasitic hymenoptera was ob- 
tained from the leaves caged that season. 

In 1932 an attempt again was made to learn the identity of this culprit. This year 
the mines were present in much greater numbers, and adult flies were easily ob- 
tained. Specimens of these cage-reared flies have been determined by Dr. S. W. 
Frost as Agromysza pusilla Meigen, a widely distributed species that is closely related 
to the two diptera (Phytomysza atricornis Meigen and Dizygomysza cepae Hering) that 
heretofore have been recorded as mining the leaves of Al/ium in Europe. 

Field records taken in the onion producing district at Pleasant Valley, Iowa, during 
the past season show that the mines of A. pusilla were present in small numbers on 
May 17. Five weeks later an estimate, based on counts in plats chosen at random 
over a large area, placed the number of leaf-miner tunnels present at around 600,000 


‘Journal Paper No. B100 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 135. 
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per acre. In as much as evidences of a tunnel persist more or less throughout the life 
of an affected leaf, there is a gradual accumulation of visible injury, and so perhaps 
not more than one-half of the above number of tunnels contained larvae at any one 
time. All fields in the Pleasant Valley district were infested, but as was to be ex- 
pected, the density of miner population varied somewhat in different fields and even 
in different areas in the same field. Even though the onion has not heretofore been 
included in the long list of plants known to be attacked by the serpentine leaf miner it 
seems to be one of the most preferred hosts in this area, for the insects and their 
mines were much more abundant in onion fields than in surrounding fields containing 
other plants that also are known to serve as hosts. 

In the onion leaf, as in most of the other plants attacked by A. pusilla, the mine 
constructed usually is of the typical serpentine type. The course of a feeding larva 
rarely is in a continued straight longitudinal direction, the mine practically always 
more or less completely encircling the onion leaf. Larvae seem to be present in 
greatest numbers in the younger plants and in the more succulent parts of the older 
plants, a condition which may result partially from the greater ease with which 
the female punctures this relatively more tender foliage for feeding and oviposition. 
In unusually heavily infested areas individual leaves containing a dozen or more 
mines each can often be found, and in cases of such unusual abundance leaves some- 
times contain mines caused by larvae of different broods. 

The eggs of A. pusilla are placed beneath the epidermis of the onion leaf, the female 
often feeding on the juices that issue from recently cut egg-niches. The egg stage 
lasts for a period of from 3 to 5 days and the larval stage from 5 to 7 days. Whena 
larva completes its growth it ordinarily leaves the mine and falls to the ground to 
seek cover, usually a crack or fissure in the soil, where pupation may occur; at times, 
however, pupation takes place in the larval mines in the leaves. From 8 to 12 days 
are required for transformation. Thus, on onion, the development from egg to adult 
occurs in about three weeks. There are several generations each year, the insect 
rapidly building up a large population so that late in the season its larval tunnels are 
very numerous. Nevertheless, from what we know of its injury, it can in no wise be 
considered as of more than minor importance. 

When breeding on onion A. pusilla is subject to heavy parasitism, the percentage 
of parasitism increasing progressively with the season so that the preponderance of in- 
sects emerging from infested leaves collected late in the fall are hymenopterous 


parasites. 
H. M. Harris and H. D. Tate, Ames, Iowa 


Note on the Use of Microorganisms for the Production of Odors Attractive to the 
Dried Fruit Beetle. The possibility of the use of various microorganisms in the trap- 
ping of the dried fruit beetle, Carpophilus hemipterus (L.), family Nitidulidae, and 
other related forms occurred to the writer while assisting in a field study on the West 
Coast of various problems connected with food control work. The insects in question 
are small beetles which cause considerable damage to the fig crop of California, not 
only by their presence in the fig but also by their transmission of fig diseases. Sim- 
mons, Reed and McGregor' reported in 1931 on the use of traps for the control of 
these insects. In their work, slowly fermenting peaches placed in fairly large (10 inch 
in diameter), specially constructed traps, were used. 


11931. Simmons, Perez, Reed, W. D., and McGregor, E. A. Fig Insects in Cali- 
fornia. U.S. Dept. Agr. Circ. No. 157. 
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In the experiments performed in testing the possibilities of the controlled use of 
microorganisms in baiting, small (5 cm x 7 cm) wide-mouthed bottles were used, each 
fitted with an inverted paper cone, with the opening in the cone about the size of the 
eye of a fig. 

Several types of mold and yeast, grown upon waste dried fruit, were used as bait. 
The cull fruit was soaked and cooked to the consistency of gruel and then placed in 
petri dishes previously boiled in water. Due to the limited time available, only a few 
preliminary experiments could be performed and the majority of these were of value 
chiefly in indicating precautions to be exercised in future experimentation. As an 
example of the possibilities present in this work the following description of the first 
experiment is given. 

The following six organisms were used: Botrytis sp., Cladosporium sp., Rhizopus sp., 
Fusarium sp., Aspergillus niger, and yeast sp. A single inoculation of each of these 
was made in two types of media, namely, cooked dried figs and cooked dried peaches. 
At the end of five days the contents of the twelve plates were transferred to the small, 
wide-mouthed bottles, filling each about one-third full. These traps were set out at 
Round Mountain, east of Fresno, California in a Black Mission fig orchard. Six 
traps of one medium were placed around the base of one tree about three feet from 
the trunk; while the remaining six were set under the next tree in the row. Each 
bottle was sunk to the neck in the soil to minimize the effect of the hot sun on the 
culture. After three days the traps were taken to the laboratory and examined. 
The predominant insects captured were members of the Nitidulidae family. Their 
numbers were determined by the use of the kerosene procedure previously developed 
by the writer.?. The results were as follows: 

Number of beetles per trap 


Peach Fig 
medium medium Total 


205 284 489 

Rhizopus 143 88 231 
Aspergillus niger 205 91 
z bo 181 
lad rium 1 433 
yt. 228 336 


1413 


The experiment shows that inoculated cull fruits are capable of attracting the 
beetle in fairly large numbers, even at a time when the ripening figs offer competition. 

In a later experiment controls of uninoculated fruit were included and renewed at 
the end of two days to preclude the effect of contamination. While as high as 70 
insects were found in neighboring inoculated traps, no insects were obtained in any of 
the six controls. 

The experiments while incomplete from necessity indicate the possibility of the use 
of controlled microbiological activity for the production of substances capable of at- 
tracting the dried fruit beetle and other related forms. Doubtless other insects 
would also be attracted to various types of such substances. 

The writer is indebted to members of the Bureau of Entomology at Fresno, Cali- 
fornia for their interest and assistance in the furtherance of this work. 

J. D. Wipman, Assistant Microanalyst, Food and Drug Administration, 

United States Department of Agriculture 


21932. Wildman, J. D. A Simple Method for Separating Certain Insects from 
Food Products. Science, 75, 268-269. 
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The 44 years which have elapsed since the organization of the Ameri- 
can Association of Economic Entomologists have witnessed marvelous 
developments. The original membership of 23 has increased to over 
1200. The Association has become truly national in character and has 
extended its influence to all sections of the world. The annual meetings 
held in different parts of the country bring together the leaders, and in 
the course of a series of years, nearly the entire membership has an 
opportunity of making invaluable personal contacts with workers in all 
parts of the country. The branch meetings carry this still farther. This 
alone means much, since it promotes a national and international view- 
point hardly attainable in any other manner. The formal meetings 
are devoted to the presentation and discussion of the latest develop- 
ments in the respective branches, a phase which no active worker can 
afford to neglect. It is up-to-date information obtainable in no other 
way. The annual meetings provide ready means for the consideration 
and formulation of policies in relation to both investigation and adminis- 
tration. 

The Association has exercised a profound and in many cases a deter- 
mining influence upon the development of such outstanding projects as 
the control of the gipsy moth, the boll weevil, the European corn borer, 
the Japanese beetle, the Mexican bean beetle and the Mediterranean 
fruit fly, to mention just a few of the larger problems in the quarantine 
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and control field. The National and Regional Plant Boards have been 
anormal outcome. It will be recalled that a small group of our members 
served a few years ago im important consultive and administrative 
positions on the Mediterranean Fruit Fly Board. The Association has 
rendered material aid by endorsing the introduction of parasites of our 
more important insect pests. The effiicacy of insecticides and attendant 
dangers and the possibilities of discovering new materials are subjects 
constantly coming up for discussion. The establishment of the Journal 
of Economic Entomology in 1908 and its present development to an 
annual publication of some 1200 pages has provided a much needed and 
greatly appreciated medium for the distribution of information to 
entomologists throughout the world. The exceedingly useful series of 
Entomological Indexes covering the period from 1905 to 1929 inclusive 
could not have been published had they not been underwritten by the 
Association. The Insect Pest Survey, another project endorsed by the 
Association, has rendered excellent service in the collection and early 
distribution of seasonal data in relation to insects from all sections of the 


country. 
The size and the diversity of the field is indicated by the three Branches 


holding large meetings each year, namely the Pacific Slope Branch, the 
Cotton States Branch and the Eastern States Branch. Thereis a similar 
though less formally organized group of Central States entomologists 
holding meetings of the same general character. The diversity of 
interests is indicated by the sections of plant quarantine and inspection, 
of apiculture and of extension, with the possibility later of a section upon 
insecticides and appliances and one dealing with the immensely import- 
ant field of medical entomology. 

The larger opportunities accruing to members of the Association 
through the activities of the organization and the undertakings which 
it has promoted render membership practically imperative for active 
entomologists and in returns to the members, the benefits are out of all 
proportion to the relatively very modest dues. The provincialism of 
earlier days has passed. A scientist must know what is going on in his 
specialty. This is true of entomologists as well as others. The Association 
and its activities have welded the economic entomologists of America 
into a progressive, sympathetic group primarily interested in the de- 
velopment of the science as a whole. 
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Current News Notes 


Dr. R. R. Parker, in Charge of the Rocky Mountain Spotted Fever Laboratory at 
Hamilton, recently returned from a trip, the itinerary of which included Washington, 
D. C., New York and Boston, in connection with recent developments in the study of 
Rocky Mountain Spotted Fever and particularly regarding equipment on the new 
unit, work on which is to be started April 1. 





















The sixty-ninth Annual Meeting of the Entomological! Society of Ontario was held 
in the Confederation Building, Ottawa, on December 1 and 2. The meetings were 
presided over by the President, Dr. W. H. Brittain and the Vice-President, Mr. W. A. 
Ross, and were well attended. Many excellent papers were presented and discussed, 
and a special public address entitled ‘‘Insects in Relation to Animal and Human 
Diseases’ was delivered by Dr. Robt. Matheson, of Cornell University, on the 
evening of Dec. 1, in the auditorium of the National Museum. The meetings were 
concluded by a most enjoyable ‘‘Smoker”’ in the Standish Hall Hotel, Hull, Que. 


Horticultural Inspection Notes 


The Federal plant quarantine issued in 1929 to prevent the spread of the phony 
peach disease was revoked effective March 1. 





Seasonal transit inspection work has been started at Omaha, Nebraska, and 
Council Bluffs, lowa, with Dr. H. L. Dozier in charge. 


Space in the new post office building in Chicago will be occupied after April 16 by 
the transit inspectors working in that city. 










Mr. W. R. Shinn formerly stationed at the port of Bellingham, Washington, was 
transferred to Ysleta, Texas, on February 18, 1933. 


After July 1, the address of the Japanese beetle and European corn borer field 
headquarters of the Bureau of Plant Quarantine will be 2101 North Sixth Street, 
Harrisburg, Pa. 








Mr. E. R. Sasscer visited the Florida ports during the latter part of February for 
the purpose of conferring with collaborators stationed at those ports on various plant 
quarantine problems. 








A new quarantine relating to the alfalfa weevil issued by the State of Arizona 
effective on February 1, 1933 places no restrictions on such articles as nursery stock, 
vegetables (except potatoes), household goods and grain which were restricted under 
the former quarantine of that State. 
















The Federal quarantine on account of the pink bollworm was amended effective 
February 28 to release from restriction six entire counties in Texas and the formerly 
restricted portion of a seventh county. No pink bollworm infestation has been found 
in any part of this area since the crop season of 1931. 





The State of Pennsylvania has issued a quarantine (No. 24) effective March 15, 
1933, relating to the gipsy moth in that State. The movement of host plants and 
products which might carry the insect is from parts of Luzerne and Lackawanna 
counties to or through outside points. 
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Data concerning the narcissus plantings inspected during the calendar year 1932 
under the Federal quarantine for the prevention of the spread of bulb pests were re- 
leased during February as BPQ-349. The number of narcissus bulbs inspected during 
the year totaled 302,325,265, a reduction of over 70,000,000 bulbs from the previous 
year. 


Following the revocation of the Federal quarantine relating to the phony peach 
disease, the Georgia State Entomologist issued a revision of Regulation 46. Federal 
certification of host plants of the disease shipped from the infested areas is required. 
The new regulation applies to the entire States of Alabama, Arkansas, Florida, 
Louisiana, Mississippi, South Carolina and Texas and to certain counties in Illinois, 
Missouri, North Carolina, Oklahoma, and Tennessee. 


The ninth annual meeting of the Central Plant Board was held in St. Louis, Mo., 
on March 1. Messrs. Strong, Worthley, and Corliss, of the Bureau of Plant Quar- 
antine attended and discussed problems relating to Federal plant quarantines. A 
meeting of the National Plant Board was held at St. Louis during the same week, as 
well as a special conference concerning possible State quarantines as to the phony 
peach disease. 


The establishing of a Federal service to inspect and certify host plants of the 
European corn borer has led to the quarantine modification or administrative ac- 
ceptance by all except one of the ten States which had placed embargoes on the 
entry of such plants following the revocation of Federal quarantine No. 43. The Wy- 
oming embargo remains in effect. A summary of the corn borer regulations of all 
the various States has been prepared in the Federal Bureau of Plant Quarantine 
(BPQ-346, as revised March 16, 1933). 


The Washington State Department of Agriculture on January 17, 1933, issued a 
new quarantine relating to the alfalfa weevil. Nursery stock is not restricted under 
the present regulations and the area involved does not include Scotts Bluff County, 
Nebr., and applies to only certain parts of the counties of Lassen, Plumas, and 
Sierra, in California. The quarantine applies to the entire States of Idaho, Utah, 
and Wyoming, and certain counties in Colorado, Nevada, and Oregon, as well as 
parts of the three California counties named. 


The Connecticut State quarantine concerning the Asiatic beetle, first established 
on two small areas in New Haven and West Haven in 1926, was revoked March 1. 
This insect was found to be present in Bridgeport, Greenwich, Hamden and Water- 
bury as well as at several points in New Haven and West Haven outside the quaran- 
tined area. On account of the present financial conditions and the cost of enforcing 
the quarantine regulations over a much larger area it was decided to revoke it. 


The California Department of Agriculture has revised the quarantines relating to 
the sweetpotato weevil and the citrus white fly. The only change in the former 
quarantine is in the areas under regulation. George County, Miss., the counties of 
Jefferson and Baldwin, Ala., and the northern portion.of the State of Louisiana have 
been removed from the quarantined area. The counties of Glynn and Camden 
have been added to the quarantined area in the State of Georgia. The only change 
in the citrus white fly quarantine is in the addition of all Viburnum species to the list 
of carriers of the citrus white fly, which must be defoliated as a condition of entry. 
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"This revision,’’ according to the Chief Quarantine Officer, ‘‘is based upon the recent 
interception of citrus white fly infested Viburnum plants from Alabama.” 


A synopsis of Federal plant quarantines affecting interstate shipments, in effect 
March 1, 1933, has been prepared and issued as Circular 33-T by the Federal Bureau 
of Plant Quarantine in mimeographed form, for inspectors’ use. Part I outlines the 
regulated areas, restricted articles and the nature of the restrictions, as to all domestic 
plant quarantines affecting the interstate movement of plants. Part II provides a 
general index to the restricted articles by quarantine numbers. Part III lists the 
post offices located within regulated areas. The circular is a companion to Mis- 
cellaneous Publication No. 80, which gives the State regulations affecting interstate 
movement. A revision of the latter publication is now in proof, which adds an out- 
line of the nursery inspection and certification regulations of the various States to the 
synopsis of State quarantine orders which was given in earlier editions of this publi- 
cation. 


The Cedar Rust law of Nebraska under which provision is made for the destruction 
of red cedar trees in the vicinity of apple orchards without compensation to the 
owners of the cedars was upheld in Federal court under a recent decree. The case is 
known as Leroy R. Upton, et al, plaintiffs, vs. Dwight Felton, et al, defendants, No. 
395 Equity, in the District Court of the United States for the District of Nebraska, 
Lincoln Division. The case was submitted to a specially constituted court con- 
sisting of W. S. Kenyon, Circuit Judge, A. K. Gardner, Circuit Judge, and T. C. 
Munger, District Judge. The court decided: ‘‘That the production and sale of apples 
from these apple orchards and other orchards in southeastern Nebraska, is a large 
and important industry, and the continuance of the apple orchards or of the apple 
trees situated within two miles of these cedar trees are and will continue to be, en- 
dangered, if the cedar trees are permitted to remain and no other method is known for 
avoiding this danger, except the cutting down of the cedar trees,’’ and decreed that 
the suit by one of the plaintiffs be dismissed and ‘‘that the application of the other 
plaintiffs and of the interveners for a temporary injunction be denied; that the re- 
straining order heretofore granted in this suit be dissolved.” 


Errata 


On page 1245 of the December, 1932, issue, for 43% read 23%, for 28% read 35% 
and for 32% read 30% in lines 25, 26 and 27 respectively. 

On page 181 of the February issue, line 20 for Ecker read Eckert, also in running 
title on pages 181, 183, 185 and on page 187 read Eckert for Eckler. 
















THE ENTOMOLOGICAL SOCIETY OF AMERICA 
AND 


THE AMERICAN ASSOCIATION OF ECONOMIC 
ENTOMOLOGISTS 


JOINT SUMMER MEETING 


Plans have been completed for the holding of a joint summer meeting 
of these organizations at the Century of Progress Exposition in Chicago. 
The meeting will be held on June 22 and 23. On both of these days a 
general program of interest to all biologists will be given under the 
direction of the American Association for the Advancement of Science. 

The general banquet of the Association for the Advancement of 
Science will be held at the Stevens Hotel on the evening of June 22nd. 
This banquet is in honor of the distinguished guests of the Association, 
including several men in the biological field. 

On June 23rd there will be an afternoon program of general interest 
to the members of the Entomological societies, possibly including a 
talk by Dr. Tillyard on the plant and animal life of Australia and New 
Zealand. 

The general reception of the American Association for the Advance- 
ment of Science will probably take place at the Field Museum on 
Friday evening, June 23rd. 

The Committee on local arrangements proposes two special events 
for entomologists. It is tentatively planned to hold a luncheon for 
members of the Entomological Society of America, the American 
Association of Economic Entomologists, and their guests at 12:30 p.m. 
on Thursday, June 22nd. This luncheon will be followed by a talk 
by Dr. Tillyard of Australia, probably on fossil insects. This will be 
followed by a talk by some noted American biologist. 

An Entomologists’ dinner will be held at the Chicago Woman’s Club 
at 6 o'clock on the evening of the 23rd. 

The general headquarters of the American Association for the Ad- 
vancement of Science will be at the Stevens Hotel. 

The following hotels offer room rates at approximately $2.50 and up 
per person: 

Allerton Hotel, 701 N. Michigan Avenue; Congress Hotel and Annex; 
Harrison Hotel, one-half block off Michigan Boulevard; Morrison Hotel; 
Sherman Hotel, Randolph Street at Clark Street; Stevens Hotel, 
Michigan Boulevard, 7th to 8th Street. 





The’ Bismarck Hotel, Randolph at LaSalle Street and the Palmer 
House offer rates of $3.50 and up. 

Members coming with their wives will find excellent accommodations 
at the Woman’s Club, 72 East 11th Street, across the street from the 
Fair. The rates for a single room are $2.50 and up. Fifty rooms are 
available. 

Numerous auto camps for Fair visitors are provided in and near 
Chicago. Information regarding the location of these camps and 
general information in respect to hotels in Chicago may be secured by 
writing to the Bureau of Information, Chicago Century of Progress, 
Administration Building, Burnham Park, Chicago, Illinois. 

C. L. MeTcaLFr 
J. J. Davis 
W. P. Furnt 
Committee on Local Arrangements 





